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PREFACE TO FIRST EDITION. 


The present l)Ook, with Dr. Schlich’s permission, forms 
Volume V. of the Manual of Forestry. It is an English 
translation of the volume on Forstbenutzung * by Dr, Karl 
Gayer, Professor of Forestry at the Unive 4 *sity of Munich, the 
first edition of which was published in 1863, and the eighth 
and last edition in 1894. Dr, Gayer’s hook is the recognised 
standard German work on the subject of Forest Utilization ; 
♦although it may appear somewhat detailed for the present 
condition of British Forestry, yet it is fitting to complete the 
^lanual of Forestry by giving a full account of the economic 
methods of working forests as they are practised in Continental 
Europe. 

I have added considerably to the original work by notes and 
illustrations from iny own and other experience in Britain, 
France, and India ; the number of plates in the original work 
(297) has also been increased to 343 in the translation. 

Monsieur L. Boppe, the Director of the French National 
Forest School at Nancy (where I received my first instruction 
in Forestry), has kindly allowed me the use of many of the 
plates in his Technologie Fouestiere,! wdnch have been 
acknowledged duly in the text, wherever they occur? • Chapter 
VllL of Part III., which deals with resin -tapping, is taken 
mainly from Mr. Boppe’ s book. 

The last chapter of my book, dealing with the extraction of 
oil of turpentine and rosin, from crude resin, is taken chiefly 

• "Die Forstbcimts'.uiigy von Ilr, Karl Gayer, eightb edition, Berlin. Pub- 
lished by Paul Parey, lU, Hedoni.aiiiistrasse. 1894. 

t A considerably enlarged edition of a work by H. Nanquette, Honoiary 
Director of the N.nncy Forest Selioo!, Paris, 1887, Berger-Lcvrault et Cie., 
o, Rue des Beaux Arts. 



VI 


PREFACE. 


from papers by Mr. N. Hearle and Mr. E, Me A. Moir of the 
Indian Forest Departpient, that appeared in the Indian 
Forester, 

The enormous consumption of timberj in North America 
and elsewhere, points to a period in the immediate future 
when the world-supply of timber will be greatly restricted ; 
it is already the duty of statesmen in all civilized countries to 
adopt measures for rendering them, in a certain degree, 
independent in this respect. A careful method of utilizing 
the resources of their forests is of the highest importance for 
the vast dependencies of the British Empire, whether in 
India, Canada, Australasia or South Africa, as well as for the 
Fnited States. It may therefore be asserted confidently that, 
the general principles of the economic working of forests, now 
almost for the first time* expounded in the English language, 
are applicable wherever that language is spoken. 

I have to thank my colleagues, Dr. Schlich and 1 )r. Matthews, 
for their kindness in assisting me to revise the proofs, and for 
some valuable suggestions they have made. Professor Hearson 
has also helped me in dealing with superstructures (pp. 118 — 
114), and Professor Heath, in the antiseptic treatment of 
timber (p. 659). 

11 FISHElh 

<Nkjper 8 Hir.L College, 

Afiit/ U/, If'yfi. 

* The Utilizatirjii of Forests, hr E. E. Feniamtez, Dclira Dim, I81M, is apjili- 
cablc cluefly to Inrlia uiid less conipn lion^-ne tlinii the present vuhiine. 



PREFACE TO SECOND EDITION. 


The first edition of this book (1,500 copies), which was 
published in 1896, has been solch and it has become my duty 
to prepare a second edition. Schlich's Manual of Forestry is 
intended to give a clear picture of forestry, as practised in 
those countries where the industry has been brought to the 
greatest perfection, and that purpose has been followed in the 
instruction given by us to the forest students who go to India 
or the Colonies, or who remain in this country. 

No writer on Forest Utilization fulfils this purpose, as do 
Gayer and his eminent co-author and successor, Dr, Heinrich 
Mayr. The latter has travelled through most of the forests 
in Europe, America, Japan and India, and has used the store 
of knowledge he has gained, in rearranging Gayer’s book, 
which is brought up completely to date in this, its ninth 
edition. The author’s preface to this edition, that follows, 
shows, to some extent, how greatly this old classic work has 
been improved. An important hook, “Trait6 d’exploitation 
commerciale des boig,” in two large volumes, written by 
Alphonse Mathey, published in 1906 and 1908, gives the 
French views of Forest Utilization, and contains much 
original matter dealing with French indigenous and colonial 
forest produce. As the French have never had, separate 
instruction in Forest Protection, a subject dealt with in 
Volume IV. of this Manual, the diseases in trees due to fungi, 
are tlierein described in detail that is not required here. 
Mathey’s second volume is a compendium of the usages of 
the French limber trade, and deals also with French minor 
produce in a comprehensive manner. This work, however, 
follows Gayer in general matters, and reproduces many of 
Gayer’s plates. 
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E. S. Troup has written a treatise on ‘Indian Forest 
Utilization,” that is based also on Gayer’s book, and brings 
up to date Fernandez’ “Notes on the Utilization of Torests,” 
written from an Indian point of view. The American forestry 
department has published a lumiber of pamphlets on various 
matters connected with Forest Utilization, hut I know of no 
American general treatise on the subject, except a short book 
of 118 pages, by C. A. Schenk, 1904. I append a list of 
American books on the subject kindly sent me by Mr. G. 
Piiichot. In Britain, the only text -books available are on 
limber, by Laslett, Stone, and Boulger, and from these I 
have borrowed an occasional note. 

Many friends have urged me to write an original book on 
Forest Utilization, but I could do so only l)y borrowing from 
Gayer on a very large scale, and in fact by following closely 
in the excellent lines he has laid down. Such a book could 
be oiily a compilation, and it seems to me to l)e not only more 
honest, but also more useful for students of forestry, to trans- 
late the only general work on the su])ject that exists, while 
making a'lditions to it, from an English point of view, wherever 
they are needed. All these additions are made in parentheses 
and signed by tlie translator. 

Although this edition contains much matter that is not in 
the first edition, Mayr has boon able to compress Gayer's 
book, 80 tliat in the translation there are mnv 840 instead 
of 774 pages, while the mini her of plates in the text are 402 
instead of 3’29, besides five full -page plates instead of three. 
Gayer’s |trok contains 341 i)lates only. 

LIST OF AMERICAN' liOOKS OX FOREST FTILIZATIOX. 

Picparfid by Rai’Haki- Zon. (kiokr WHi, 11H)7. 

“Forest L'tilizutien," C, A. Schonck, Riltmorc, X. 19 (H. Pp- 

$.L 

“Road Making and Muinteiuinco,” Chapter on “\V<»od Paving,” by 
Thomas Ait kins, IIUK). J. B. lappiiicott, Co., Philadeljiliia. Pp- Ti.'I to 
317. $0, 
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IX 


“Treatise on Roads and Pavements,” by Ira Osborn Baker. J. Wiley 
■& Sons, New York, lOO.l Pp. Goo, $o, 

“Paveiyents and R(ku1s,” by Edward G. Love. Engineering and 
Building Record, New York, 1S90. § 0 . 

‘‘Roads and Pavements,” by Fred P. Spaulding. J. Wiley & Sons, 
New York, 1906. Pp. 235. $2. 

“Timber Physics, Materials of (Construction,” by J. B. Johnson. 
J. Wiley & Sons, New York, 1S97. §(>. 

“ Handbook of Timber Preservation,” by Samuel M. Rowe. Pettebone, 
Siiwtello & Co., Chicago, 1901. $5. 

“ Hislory of the Lumber Industry in America,” by James Elliot 
iJcfebaugh, Tol. I. The American Lumberman, Chicago, li)0G. $5. 

ihoceedings of the American Forest Congress, Forestiy and Indga- 
tion.” Washington, D. C., ^fl‘25, 

“ Forest Mensuration,” by II. S. Graves. J. AYiley & Sons, New York, 
190(5. Pp. 458. $4. 

“Principal Species of Wood; Their Characteristics and Properties,” 
by Charles Henry Snow. J. Wiley & Sons, New York. Chapman & 
Hull, London, 19(K}. Pp. 203. ^J'oO. 

^ “ Economic Uses of Wood,” by W. R. Lazeuby, Columbus, Ohio. 
Ohio State University, 1904. Pp. 14. Free. 




AUTHOR’S PREFACE TO THE NINTH 
■ EDITION. 


In order to preserve for my book on Forest Ttilization the 
place it has gained in forest literature, and owing to my 
advanced age, I have shared the work of writing its ninth 
edition with my successor in the Chair of Forest Utilization, 
Dr. Heinrich Mayr. 

We have determined to bring the book up to date, by 
^utilizing all the available research of the nineteenth century, 
by making purely German matter most prominent, but also 
by taking into consideration matter from other countries, so 
that the book may be built on a broader foundation than 
before. 

The table of contents will show that considerable changes 
liave been made in the arrangement of material. Some 
changes have been made also in the technical treatment of 
the subject. Several chapters, or sections, have been rewritten, 
or expanded, chiefly from a scientific point of view, w'hile other 
parts of the book have been curtailed. 

Fifty new plates have been added, bringing the number of 
these up to 322. 

Our acknowledgments are due to the ptiblieherSj who have 
done their duty excellently. 

It is our hope that the book, in its new form, will meet 
with extensive support, and will prove useful to students and 
to practical foresters. 

GAYElh 

Munich, 

JanH:inj, I90:R 




SHORT BIOGRAPHY OF DR. JOHANN 
KARL GAYER. 


Johann Karl Gayer, State Councillor, and Professor of 
Forest Utilization at the University of Munich, D. Oec., 
honoris causa, was horn at Speyer, in the Eheinpfalz, on the 
loth October, 1822. He first studied Natural Science and 
Mathematics, and afterwards Forestry. In 1851, he managed 
the forests at Wieseiiheim and Berg ; in 1855, he was appointed 
second Professor of Forestry at the Forest School of Aschaffen- 
iJurg. This enabled him to visit the most important forests 
of South Germany, and to collect material for his two classic 
books on Forest Utilization and Silviculture, that have had 
very important infiuence on the Science of Forestry. In 
1868, the first edition of his Forest Utilization was published, 
the third edition in 1873, and the sixth edition in 1883. 
Gayer was still full of mental vigour, when, in 1902, he 
brought out the ninth edition of this book, with the assistance 
of his pupil and successor, the writer of this notice. 

Gayer published his Silviculture in 1880, the fourth edition 
of which appeared in 1898. The silvicultural principle of the 
book is to preserve the natural productivity of the forest soil 
by the natural regeneration of woods of mixed species ; this 
principle has been adopted by the Bavarian Stat^ Forest 
Department. 

In 1878, part of the Forestry Instruction was transferred 
from Aschaffenburg to Munich, so that Gayer then became a 
University Professor. He was elected and became Rector of 
the University of Munich in 1889 — 90. In 1892, bodily 
weakness compelled him to give up teaching, but his mind 
remained as active as before. 
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Besides his \t\vo- principal books he wrote the following: — 
“Die neiien Wirtschaftsrichtungen m den Staatswaldungen 
des Spessart,” 1884; “Der bayerische AVald und schmalschlay- 
weise Yerjungung,” 1892 ; “ Ueber den Fehmelschlagbetrieb 
und seine Ausgestaltung in Bayern/’ 1895, etc. His work on 
Silviculture was translated by Bocarme into French, and by 
van Seller mbeck into Dutch, and his Forest Utilization into 
English by W. B. Fisher, He was decorated by Bavaria, 
Russia and Greece, and was Honorary Member of several 
Forestry Societies. He died on the 1st of March, 1907, 
honoured and lamented by thousands of his pupils, friends, 
and by foresters all over the world. 

H. MAYR. 



TABLE OF CONTENTS. 


PART 1. 

HARVESTING; CONVERSION AND DISPOSAL OF PRINCIPAL 
FOREST PRODUCE; WOOD. 


CHAPTER I. 

PROPERTIES OP WOOD. 

r PAGE 

iA. Anatomy of Wood, its Structure and Texture ; Identifica- 
tion OF Woods 7 

(A) Broa<lleaved woods 

(R) CotsifcTous woods ’ _ _ .lift 

(C) Palmwoods 42 

(D) Bamboos 

B. Physical Properties oe Wood 43 

1 . Colour 

2 . Lustre 47 

3 . Scent 

4 . Hardness 

■j, Sj^ecific Weight 50 

0 . Coherence 6.> 

7 . Hygrosco|)icity 6r> 

8. Practical results of %varping 72 

1). Effects of heat oti wood 75 

10 . Conductivity of wood ^ . .78 

(a) For heat . 7S 

(b) For electricity 7S 

(c) For sound 7j.5 

(d) For light 7ij 

C. Chemical Properties op Wood 70 

D. Mechanical Properties op Wood . . . . . . .83 

1. Fineness of grain 

2. Fisslbllity S(i 

3 . Strength 

4 . Toughness or pliability 96 

5 . Durability 97 



XVi TABLE OF CONTENTS. 

D. Mechasical Propertieh op Wood— r((w^ i>A(ie 

<!. Ileat.ing-powei’ and combustibility 107 

7. Aptitude for being worked Ill 

(a) By implcmenta Ill 

(b) By grinding into pulp 1 1;> 

(c) By polishing lir> 

(d) Wood-bleaching Iir> 

(e) Staining lUl 

(f) Byrography 11(5 

(g) Charcoal-making IIH 

(h) Impnegnatioii IIU 

S. Dimensions of trees 117 

11. Shape of trees 110 

10. Yield of the chief sjiecios 121 

E. Defects in Wood UM 

1. Defective structure 121 

(a) Abnormal tissues l21 

(b) Abnormal ilirection of fibres 12S 

(c) Liefccts in sound wowl Dls 

(d) Diseascil wtxxl-tibres U) 

2. Defects in the I'iiysical Puopeuties or Wikid . . . ml 

(a) Di.->eoluuration 11:1 

(b) Abnormal scents . . . . . . . .US 

(e) Diminished hanlncss and sp. weight U" 

(<1) Defects in economic pro {x.-r ties Us 

be) Dc f ect .s i n die in ical j n o j j c 1 1 i cs 1 .’p l 

CIIAITKI! II. 

FELLING AND ('ONVEHSltlN OF WOOD. 

Sectio.v I.— M.^ncai. Lakoi u lr,i» 

1. General remarks 17,t; 

2. Demands (;ii wo«xlcuttii s l.> 

;k Wages h;2 

4. rirganisation of Labour liis 

■5, The forest labonmiuestion 172 

Section II.— Wfi^DCCTTKiw’ [.rpeements 171 

1, Hefting implements 171 

2. Saws |s| 

3. Tfx>ls for splitting wwxl DM 

1. Implements for extracting and splitting slumps and roots . . I'.'r 

SIXITION III.— SEAliON Pok Feijjno 201 

1. Glimatic conditions gnl 

2. Available Uilxjur-foree 2>i.7 

14. Mode of felling 2"*» 

4, Quality of out-tttn» 2d7 

.5. SjKXies of tree :n7 

(L Si>ecial application of material i.o'^ 



TABLE OF CONTENTS. 


XYII 


Section HI.— Season fob Felling— page 

7. Modes of Transport 20S 

8. Demands of timber-market . 208 

y. Summary 201) 

Section IV.— Methods op Felling 211 

1. General account .211 

2. Modes of felling 212 

(a) Utilization of tlic stem 213 

(b) Utilization of TOots and stumps 217 

3. Felling rules 223 

Section V.— Rough Conversion 229 

1. Mode of conversion to be applied 231 

2. Timber .assortments 23*'> 

3. The work of conversion 239 

(a) Timber 240 

(b) Firewooil 245 

4. Removal of wood before conversion 252 

5. Ocaisional noii-oonvei“sion of firewood 2.:2 

3. General rules regarding conversion 253 

• Section VI.— Sorting and Stacking Converted ^Iaterial . , 25+ 

1. General account 26+ 

2. Detailed account 255 

3. List of wood assortments . 267 

Section VII,— Clearing the Felling-area 262 

1 . Explanation of the term 262 

2. Purpose of the clearance 263 

3. Choice of a fores t-de])Ot 263 

4. Material to be removed 264 

5. Modes of clearance 265 

6. Season for clearance 28G 

7. General rules 282 

Sec I TON VUL— Sorting Converted Material and Fixing Sale- 

lots 284 

]. Single pieces forming a lot 284 

2. Number of pieces forming a lot 285 

3. Stacked wood • 285 

4. Protecting the forest-depot SJ ■ ■ 290 

Section IX.— Estimating the Yield 291 

1. Numbering the lots . 291 

2. Estimating quantity of produce 293 

3. Eati mating quality of proiluce 296 

4. Valuaiiou 296 

Section X.— Concluding the business op Felling and Conver- 
sion 297 

1. Registry of produce from the felling 297 

2. Revision of the reconi 208 

3. Payment of woodcutters 298 

F.U. 1 ) 



xvm 


TABLE OF CONTENTS. 


CHAPTER III. 

^VOOD TKAN8P011T BY LAND. 

FAftK 

iN'TltODUCTIOy 30t) 

Section' I.— FoREST-HoAns . :{01 

A. C'ojistnicf ion and niaiutenanoo i-lol 

B . Mcxlo o f coi I VC y:i 1 1 oo H lO 

Section' II.— Timber-Slides 3n; 

III. — FOKEST-TRAM WAVS H34 

IV. — Wire-tramways ilDi 

CaAPTEH IV. 

M'OOD TRANSBOBT BY WATER. 

Section I.— Flo.yting XiA 

1. Coinlitious for streams to be utilizable ;iVI 

2. Iinj)rovenieat and niaiiitenaiicc of watercourses .... 

3. Booms 3S2 

4. Methul of float iiiL: wood 

.Section IL— Raftinu 4o7 

1. Kaftinci-channels 4uS 

2. Rafts 4oy 

3. Dimensiv'ns of nifts 41.'> 

4. iltxic of ruftin” 41B 

CHAPTER V, 

COMPARISON BKTWKEN DIFFERENT MODES OF TRANsrORT, 42M 
CHAPTER VI. 

WOOD-DKl’OTS . ^ ,|2y 

1. I.anrl-f^ljoti 42y 

2. Hirer-depots 4:0 

.3. Met In)* Is of storing wood 4.3fi 

4. Registration of receipts . . 43 ‘i 

CHAl^EU vn. 

DISPOSAL AND .SALE OF WOOD 44i) 

SKCTIOX I.— DirtPOftAL OF Wool) 440 

JL— Sale of Wood 447 

„ III.— Bt'3IXE.S» PRISCIPLE.S INVOLVED IN .SaLF^ . . 4(5^ 



TABLE OF CONTENTS. xix 

CHAPTEE VIII. 

PAOE 

AUXILIARY FOREST INDUSTRIES 482 

A. Detailed Cox version 482 

.Section 1. —.sawmills 4H.S 

IL— Other Wood- working Machines 4911 

R. Treatment for Improving M'ood 502 

SECTION J.— Improvement IN APPEARANCE AND Quality . . .502 

II,— Antiseptic Treatment 509 

In.— A ltering Combustibilitv of Wood .... 523 

C. Changes in the Substance of Wood o2'> 

.'SECTION I.— Ry Heat 525 

II. -Charcoal Kiln-s 527 

III. — Combustion of Wood 550 

„ IV.— Chemical Age.ncies 551 

(a) Cellulose . . .551 

' (b) Sugar aiul alcohol 554 

(c) Oxalic acid 555 

(<1) liamboo-fibre 555 


CHAPTEE IX. 

INDUSTRIAL USES OF WOOD. 

SuB-DivisiON I.— Timber. 

SiXTioN L— Classes of Converted Timber 5.)i) 

„ II.— Timber used in Super-structures 561 

,, III. -Timber used on, or in, the Ground . . , . 567 

„ IV.— Timber used in Contact with Water . . . .574 

,, V.— Timber used in Machinery 576 

,, VI.— Ship and Boat Building . . . , j . , ■ 577 

VIL— -Joinery and Cabinet-Making. ^ . 584 

,, VIIL— Miscellaneous Uses 589 

„ IX.— Wheelwrights’ Wood .591 

X.— Coopers’ Work . 594 

,, XL— Sundry uses of Split AVood 600 

XIL— Wood for AVindow- Frames 607 

„ XIII.— Wood-Carving 608 

„ XIA^— Turnery . .611 

„ XV.— Plaited WoodAVork 612 



XX 


TABLE OF CONTENTS. 


PAGE 


Section XVI.— Wood Used in AoKicrLTuuE (lU 

XVIJ.— Refuse Wood (>!(> 

Sub-Division II.— Firewood G17 

Sub-Division III. — Living Plants or Parts of Plants . , Giji 

Sub-Division IV.— Woods Arranged According to their uses . (>20 


PART II. 

PROPERTIES, ULILIZATIOX, VAT.UATION AND DLSPOSAI. 
OF MINOR FOREST PRODrOE. 


CILVITER I. 

BARK 

Section I. — Anatojiy of Bark 

1 1. -Chemical, Physical and Economic Pkopertiks of 

Bark <;;u 

III.— PROPERTIta OF THE CON.STin:EXr PARTS OF BaKK . 

A. Tanning materials 

B. Tannin from young o:ik-bnrk 

,, IV.— The Bark of old Oaks 

„ V.— sphuce-IUrk . • (;.v.) 

„ VL— Birch GGl 

„ VII.— Larch r.»;i 

,, VI If. — W illow 66l 

,, IX. —Bark Cellulose fiG2 

„ X.— Cork GG3 

.4 

CUAl^ER II. 

UTILIZATION OF THE FRUITS OF FOREST TREKS . . . GGG 

Section L— Characteristics of Seeds 

„ IL— Dates op Seed-Bearing 

„ I IL— Dates of Ripening and Fall 671 

„ IV.— Harvesting Seed 672 

„ V,— Seed-Husking Establishments 67:^ 

M VL— Storing Seeds );87 



TABLE OP CONTENTS. 


XXI 


PAGB 

Section VII.— AvERArjE Quality op Seeds G90 

„ VIII.— Sale and Disposal of Seeds fiOl 

OHAPTEE III. 

UTILIZATION OF LEAVES, TWIOS AND ROOTS OF FOREST 
TREES 694 

CHAPTER IV. 

PROPERTIES, HARVESTING, SELLING AND DISPOSAL OF 

RESIN 699 

Section I.—Anatomy 699 

IL— Chemical and Physical Peopebties .... 703 

„ III.--D1STRIBCT10N OF Resin in Trees 704 

IV.— Resin Tapping of Standing Trees .... 706 

V.— Yield of Resin and Effects of Tapping . , .722 

VI —Extraction of Oil of Tckpextine from Crude 

Resin 72s 

„ \TL— Commercial Products from Crude Rrsin . . .726 

CHAPTEE V. 

OTHER MINOR PRODUCE FROM TREES (CAMPHOR, CONIFKUIN, 
vanillin, sugar trees, dyes, gums, LAC, CAOUTCHOUC. 
GUTTA-PERCHA, Etc.) ' 7-iS 


PART m. 

UTILIZATION AND DISPOSAL OP MINOE PRODUCE FROM 
THE SOHj of the FOREST. 


CHAPTER I. 

FOREST HERBAGE. 


•ection L— Pasture 
„ IL— Grass-Cutting 


, 737 
. 746 



Xxii TABLE OF CONTENTS. 

CHAPTKIl IL 

FlELD-CUOrs IN COMBINATION WITH FOKKSTKV . . 7i\i 

CIIAPTEP III. 

FOliEST-LITTER 75K 

ClIArTKIJ IV, 

DlU(JIN(i AND PIIEPAILVTION OF I'EAT 7;»o 

CHAPTER V. 

J.KS.< IMPORTANT MINOR J’RODCCK (Oli ASS-SKEDS, MOS.'^KS, 
EDIBLE FUriTS, HKRBA(iE K(M{ INIH'STRIAI. Pl'KPOSKS, 
EDIBLE KU SOI, Etc.) 

PAirr IV. 

UTILIZATION OF (’OMI'ONENT.'^ OF THE FOREST SOIL 
(STO N E, 0 HA V E L, Etc.) s;{ I 


INDEX 



ERRATA. 

Autlior’s Preface, Gth line from end, /or 322 

Page xiv.,line 3, /or “schmalschlayweise” read “schmalschlagweise.” 

Page 47, for Ciiiiiainoniuni ” read ‘‘ Cinnainomuiii.” 

Page 86 (Footnote). Siihsiitute “Plates I, and II., partly’’ for “the 
frontispiece, the last.” 




FOKEST UTILIZATION. 


INTRODUCTION. 

Thk annual produce of forests affords the most striking 
proof of their utility ; it enables us to satisfy a great number 
of our wants, and we can never dispense with forest produce, 
or only do so with the greatest difficulty. 

In earlier times, when forests extended far beyond human 
»e<purcineiits aud unimpaired natural forces maintained them 
intact without any artiffcial assistance, Forest Utilization com- 
prised the wiiole art of forestry. Protection, tending, sowing 
and planting were unnecessary; superalnindant supplies of 
forest produce were availalile for all possible requirements, 
and had only to be utilized. This was done for ages, 
without any regard b) economy or to the wants of future 
generations. 

An utterly wasteful utilization of forest produce contimied, 
until a wood-famine was impemling; for tlie demands made 
0!i agricultural produce hy a steadily increasing population 
inv(dved the clearance of vast areas of woodland, while the 
prolonged inal treatment to which forests were subjected liad 
diminislied their productiveness considerably. Unfortunately, 
in many countries, matters have not improved in tbis^ respect. 
If forests are to lie maintained, the woodcutter’s axe and the 
utilization of all forest produce must be brought under control, 
land suitable for producing forests should he densely stocked 
with trees, and forest utilization subordinated to silviculture. 

Forest raw material may be utilized in various ways, but its 
utility will be secured most fully when each product is used 
for the purpose for which it is better adapted tlian any other 
available material. Then only can a forest respond properly 
to the interests of mankind as well as to those of its owner, for 
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then only will it yield the greatest pecuniary return. There 
was, however, a time when it was considered incompatible 
with good forestry to attempt to make a forest yield the best 
financial results ; a forest was looked upon as a means of 
satisfying, without any speculative motive, the direct and 
indirect national recpiirements. But precisely because a 
forest is an important national estate, and because the impor- 
tance of any estate is recognized most fully and its protection 
best secured when itself and its produce jwssess a considerable 
sale -value, this way of regarding forests is generally erroneous. 
The profit obtained from careful forest-management is small 
when compared with that from other productive industries, 
and apparently will not improve just yet, for substitutes used 
in place of wood come more and more into use.* So much 
tlie more, therefore, in the iiderests of both national economy 
and forestry, should every forest- owner (‘ndeavour to increase 
the jiec uniary yield of his woodlands as nnich as ]M)88ihIe, 
provided that at the same time he works within the Itonnds 
prescribed by good forest management. Forest utilization 
therefore should always keep in view the possibility of a steady 
improvement of the forest revenue, witliout prejudice- to its 
maintenance or future cnliancement. 

The foregoing remarks lead us to define the science of Forest 
L'tilization as a systematic arrangement of the most appro- 
priate methods of harvesting, converting and disposing 
profitably of forest produce, in accordance with the results 
of experience and study, due regard being paid to silvicul- 
ture and to tlie liest pecntiiary returns. 

Wood is usually the chief ju'oduct of forests, and at present 
the aim of forest management is directed ehielly to its pro<iuc- 
lion. Besides wood, there are other useful pnalucts, which 
are derived either from the trees or the soil of forests, or con- 
sist of the components of the latter. As most of them, 
however, are, in general, relatively inferior in value to wood, 
and their production is bound up with the existence of 

• ft'or a KtalcmoiU of rhe fiimiicinl roturriH from rf. Vol, [. of this 

Manual, Ilnl Cfl., p. 202, There j«, iiiihtxl. cvtTV of incro{w*c<l proflfH 

fronj now dtnt the (limiainis for W(j(M]>pu)p for pn|X-rninkiti{{ have 

Ijccome w enormous and tlic prircs of tinjU^r jli»|x'rtcd into l^ritatn and 
elsewhere are rinit)?; -Tr.J 
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forests, they are consitlererl as accessory, or minor, produce. 
A distinction is thus made between principal and minor 
forest produce. 

A forest-owner is, as a rule, concerned only with the rough 
conversion of the produce of his forest, so as to facilitate its 
transport. Sometimes, however, and for certain kinds of 
produce, it may be advisable for him to prepare forest pro- 
duce in the form in which it is directly utilizable for various 
industries, in which case he carries on auxiliary forest 
industries. To deal with these industries fully is quite 
beyond the province of the present book, and they will be 
described only in such detail as the ordinary routine of 
forestry requires. 

The matter of which the science of Forest Utilization, thus 
extended, is composed, may l>e comprised under four principal 
bejulings, which are as follows : — 

I. Utilization of Principal Forest PnonccE, Wood. 

II. Utilization of Minor Produce from Trees, 

III. Utiijzation of Minor Produce from the Forest 

Soil. 

IV. Utilization of the Components op the Forest Soil 

AND Subjacent Rocks. 




VMIT I. 

HARVESTING, CONVERSION AND DISPOSAL OF 
PRINCIPAL FOREST PRODUCE. WOOD. 




CHAPTEE I. 


PROPERTIES OP WOOD.* 

A. Anatomy of Wood, its Structure and Texture; 

Identification of Woods. 

The elementary organs of which wood is constructed are 
the chief means of identifying woods ; their combination, as 
seen in various sections, at once strikes the eye. Variations 
in the physical and technical properties of woods, e.g., in a 
piece of oak iis compared with a piece of spruce, also depend 
^hietly on their anatomical structure. We cannot, however, 
explain all the physical and teclinical differences in woods by 
a microscopical examination of their anatomy. The micro- 
scope does not indicate, or indicates very incompletely, the 
materials that determine durability of timber; it gives no 
information regarding brittleness or elasticity, nor liow the 
ultimate couipoiieuis of the wood are arranged or react on 
one another. Anatomy tells us nothing about the myceliar 
and molecular structure of the cell- walls, the effects of whieli 
on the chetuical, physical and technical properties of wood 
are still very obscure. But anatomy is indispensable in 
elucidating vital processes in the physiology of trees, in 
explaining the processes of the formation and decay of timber. 

Microscopes arc seldom necessary for identifying woods, 
all the characters that follow being recognisable by the 
naked eye. In the following plates, prepared for* the new 
German edition of Gayer’s book, structural items are repro- 
duced in their natural size, the microscopic plates of the 
earlier editions having been suppressed.! 

Nature has facilitated greatly tlie study of the structure of 

• “ Timl)or ami Timlwr Trtn.'s,'’ alitea l>y MaJ-sliall Wart I, 1S5H ; 

“ Wtxxlyii.S. Hmilgcr, 1902 ; “ The Tim krenf Coin Herbert Stone, 1901 ; 

“ KxpluiUitiou Commerciale des Bois," Mathey, 1900. 

+ The t ransial or lias, however, i-etainetl these plates to ii hist rale the micro- 
scopic account of wood -structure given furtlier on. 
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wood, although at first sight it appears to 1)8 of manifold 
variety. This is bceause the same structural or anatomical* 
data are characteristic of genera. For instance, all Euro- 
pean, American or Asiatic deciduous oaks e^ihibit the same 
structure and anatomy ; this is also true for all ashes, Hi)ruees, 
or iirs, for all two -needle pines (Pinaster type) ; for all hve- 
iieedle pines (Ceml)ran type), and so on. The importance of 
this law is not only jnmtirc, by simi)lifying the study of the 
characteristic striicliires of woody species, luit also 
as it thus becomes impossible, either by the naked eye, or 
microscopically, to distiuguisli between dillerent species of any 
genus; i’,;/., in oaks, to say of what species is any woihI- 
speciujen, or from what locality it comes. Custom-house 
experience of recent years has thoroughly cunfniued tins 
statement. 

The same anatomical dill'erences that exist in dilTerent^ 
species of a genus, for instance between species of oak or 
s[auce, also exist in varieties of the same s[>ecies, in the 
sessile oak, or the l‘hiroi)ean s[)ruce. Such are : hieadtli of sap- 
\voo<l ; ratio of spring- wood to ^^unnner-wood ; niiinljer, height 
and ihickiiess of medullary rays ; mass of parenchyma, ves.sels, 
tracheids, etc. Physical and tochnioal characters, such as 
lustre, odour, colour, durahility, stroiigtli, arc llie only indivi- 
dualities of woods of nearly allied s[)eeies. ihe first three of 
these characters change rapidly after a tree lias lieeii felled 
and converted, so that they are of diagnostic value for a short 
time only, while the two last can he decided only l)y technical 
exiieriments ; their exact determination is therefore very dilli- 
cuit and not always praeticahle, nor satisfactory. 

Before describing the different components of woody tissue 
it is iiechssarv to give a short description of its anatomical 
elements, as seen under the microscope. 

The cells of tlie pith are nearly isodiametric and by their rapid 
sub division cause the longitudinal growth of shoots, in which 
process the colls immediately round the pith also participate, 
partly by division and partly l»y being stretcliod. The pith 
cells often lose their contents early and then contain air only; 
they often, however, retain their plasmic eoiiteiilH for a bmger 
period, during which they serve as reservoirs fur starch and 
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other nutritive materials. Whilst the pith is important in the 
growth of yearling shoots, later on, irrespective of its dia- 
gnostic value it is unimportant as a factor in the (juality of 
most woody species. Only, as in palms, in species the annual 
shoots of which do not increase in thickness, is the pith of any 
moment in the quality of the wood. 

Around the pith are some of the longest organs, vessels 
(trachea) and truclieids. The widening of the cells of the 



(f Narniw |iitli-iuy. ))i(li-i';iy. <■ r>outnl:iry of :in aniuial 

!‘ing. The larjj[o juiivsorc {laiisvcrsi' seel ions of vossvls. The Miiek- 
Wiillt'il fleiiicias with iinirow luinina are wuhl-tiluvs ; those- willi 
lliiiuier wiillti ami wide-i- luniina, woul-paronoliynia or t nirla-iils. 

H. Il;u•ti^^ 

meristem, or primary growing tissue of the yearlii^ shoot 
(perhaps also their lengthening), is caused by tlie water taken 
from tlie idasniic contents of the nascent organs. Whenever 
vascular cells stand one above the other, the separating trans- 
verse walls of a mimher of them arc absorbed so as to form 
vessels. Various kinds of thickening then line their lumina, 
and they are termed spiral, annular, or scalar ifonn vessels. As 
soon us the vessel has attained its normal width, during the 
year of its formation, its plasmic contents and the water 
contained in its lumina disappear. Mayr's observations are 
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opposed to those that represent vessels as the chiet conduotois 
of water • they show that vessels normally never contain water, 
but serve exclusively tor a, 'ration and tor conducting oxygen 
to the neighlKniring parciichyuiatous cells, which are rich in 



Ki;,'. 2. S|ii ur< W'xkI. 

1. NhHiulI m/.c. -• •‘in:/ ‘itiuh <Oi*' 

vur(ir;iULiljouiv tv.i. h i-(i liM> j II I lii-* t 111 1 ’iiiu JirKlh"!. m Mnlullnrv, 
ur nivh. « Tniii^verw; tnirhvi^N <if with Mniplf |nl«, 

fxrt'iA m ii.w.-t nnv. K jUmI ' n«-rrl«’r: 'i nf thi- 

platiniH. For this aiifl Hcjvpral otlior rcHSoiis, tlic tlieories of 
ll Ilartij; * ascribing' tho hiriniilioii of almiidant spring-wood U) 
the great detnaiuls of a tree fi>r water are conHidered erroneous, 
and HO is his treatise regarding the intluence of nutriment and 
transpiration on the strength of wckmI, as if that depended on 
the volume of all the vessels in a tree. 

* II. (lariig, “ llilziJuOtrMicliiinHi'ii,’' tVrliii, Riel. 
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The pfirenchymatous cells are usually brick-shaped ; they 
are more rarely fibres with simple thinnings, termed pits, in 
their walls. These pits are small whenever parenchymatous 
cells adjoin one another, but large when they adjoin air-con- 
ducting vessels. The parenchymatous cells retain their 
contents in conifers, until the sapwood becomes converted 
into heartwood ; in broadleaved wood they do so still longer i 
they are concerned with the storage and chemical conversion 
of nutritive material, and probably also with water-transport. 
According to the order of their arrangement, there are bands 
of parenchyma extending radially, termed medullary rays; 
also longitudinal parenchyma extending vertically alongside 
the vessels, but sometimes scattered in the wood, especially 
in the last layer of the summer- wood, and enclosing resin- 
ducts. 

, Of the elongated, spindle-shaped cells there are three forms, 
tracheids, bordered- pitted cells, and libriform or scleren- 
chymatouB fibres, T’he first two form the wood of conifers, 
but also occur in broad leaved wood ; during their first year, 
after llieir wails have tliickened, these elements lose their 
contents, conduct only air and water, ami are occupied eiiiefiy 
with water- Ira ns i>ort. Libriform or sclerenchymalous fibres 
are cells with highly thickened walls and very small simple 
pits; lliey lose their contents in their lirst year and conduct 
water and air only, l>eing employed for water-transpoiT; they 
do not occur in conifers. 

Fibrous cells are spindle-shaped iiarenchymatous cells witli 
similar functions to those of sclerenchyma. 

It is easy to see that all the above organs, especially those 
with thick walls, tend to strengthen the wood, hut the lateral 
union of the coll -forms in the woody tissue is no less 
imjwrtant than the Btrucluro of Lite cells for the strength of 
wood. 

The construction of the Ik)1c of a ivvQ is explained l)est by 
observing the formation of a»i annual shoot, wliich is similar 
to tliat of a herbaceous plant. This in trees is a ]irolongation 
of the previous year's shoot and is connected with all the 
lower parts of tlio tree, down to the root-tips. 

If from a bud, c,#/., of a spruce, the scales are removed, a 
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little vegetating spheroid is exposed, eonstntcted of thin* 
walled isodiametric cells, the incristom, or primary tissue, 
from which all other cell- forms spring. In this Imd, when the 
growing-season commences, a central cylinder by rapid cell- 
division lengtliens the hud into a slioot, whilst ilie externally 
surrounding colls (forming with the oldest vessels described 
lower down the medullary sheath) participate in tlie longi- 
tudinal growth, partly hy cell-division, and partly hy being 
stretched. At different points outside this cylinder, which 
becomes the pith th’ig* d, d/), the eel Is are stretched hut not 

divided, so that elongated 
organs are formed, clearly 
differing fr<mi the pith hut 
immediately adjoining it and 
termed vessels or trachea. 
I’hey are followed hy other 
wider Vessels and other 
liguilied cell-forms, so tliat 
the new strand of tissue is 
lernieil a vascular nr wcKxly 
bundle ^‘’ig. /, //, etc.). 

Kacli nl llie>e bundles ter- 
minates externally with a 
group (d cells, wbieh an* not 
liguilied, the bast or phloem 
(Kig, d); Wtween this and 
the woody parts teinuid 
xylem, adjoining the [)ith, a meristem, the cambium, remains 
(big. :j, r', r). The cambium in the lirst year increases the 
width of the woo<Iy bundles, luothicing bast-cellH externally 
and internally wood-cells. Between every two adjacent bundles 
a narrow band of primary tissue unites the cortex {II) witli 
the pith. These bands are term(!<l medullary, or pith, rays, 
being parenchymatous grou[>s of cells. Witliin eucli medullary 
ray, also (luringtbe first year, and originating with thocambia of 
the bundles, intor-fascicular or medullary cambium cotniects 
the latter into a closed iione, foriuitig in a transverse section a 
nng , it consists of only ^ cells in ea(di iiitKlnllary ray. 
ihc Hlmi terminates its upward growth liy a iiew its 



ruMibituiL r.rXylciii i.j- vv<h>.I. 

f/, !• I’IiNhmh uf 1/ piOi. /,* 
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transverHc growth, owing to the activity of the cambium, by a 
stiffly constructed mass consisting chiefly of wood (Figs. 4 
& 5, /), inside which on transverse sections is the pith, and 
outside, the cortex, while it contains the interposed cambium, 
the primary medullary rays {a n), and the secondary rays (/d, 
which luive no connection with the pith. 

In the second and all subsequent years, a new woody zone, 
external and adjacent to the first year’s zone, is formed by the 
cambium ; it surrounds all the growing points of the yearling 
plant, the leading shoot, the branches and roots (Fig. 0). 



nf I raiisviTS' si'.-iinns nf ;i two yi'ars' sh<nif, i‘oiufor'>n< (0, anU 
lu'iiaillfavcd (.*)}, 


/ Ifu’ lirst annual zumi'. //The st.'^iintl annual znui'. M,(f f'liinarv. M. h 
!ic*’.in<lary. im*ilijllaty lay-^. r, S}.rinE:-\vi‘iHi. fi, il SiMnnnT-\Vi‘<<tl. 

On section c (Fig. (>) of the two concentric annual zones of 
the plant, two concfuiiric circles appear, the inner circle sur- 
rounding the meduliarv sheath with the pith in its centre and 
forming the first annual ring ; the outer circle surrounds the 
second year's zone and is the second annual ring. Thus, every 
year a concentric zone of wood is produced, and by counting 
these zones on a transverse section of wood its age can be 
dotennined. 

Tlie annual zones of certain trees exhibit differences in 
their anatomical structure, c.f/., in oaks and ashes, the vessels 
at the commencement of each year’s zone are wider than those 
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formed later on towards the close of the grow'inpf season, so 
that a wide-pored early wood may be distinguished from 


h 



Fi<.% <].— Diajfrarn of a nlHK.t, nhowinj' first year’ll growth ami 

year's ^rowlli (dottwl). 

Torminal shriot, first year. /^ Terminal shoot, tieenncl ymrj dark 
line, |iith. /Seet ion of first yi-ar's jtniwth. e See f ion of second year’s 
tjn’owth, r, d .Surface of jifroiind. 

the narrow-pored late wood of the preceding year, a fact 
that facilitates the counting of the annual siones, Hence 
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Ncirdlinger termed such woods ring-pored [Fig. 5, //, o, spring- 
wood with wide pores (sections of vessels), /, d, summer- wood 
with narrow pores; iKstween tliem is the annual ring]. The 
term rin(i-poird is not liappily imagined, as it is doubtful 
whether some woods are to be termed ring-pored, or not ; 
the term Hcattered porrs is also unsfitisfactory, for the wood 
of oak and ash also possesses pores, though smaller ones, 
outside the ring of large pores ; for this reason, in the 
following attempt to classify woods, the use of these terms is 
abajidoned, fcliougli tijey may be serviceable for descriptions 
and tables of identification when unaccompanied by plates. 

In some other hr oad leaved trees, as in elms and clierry- 
trees, the early wood is richei' in pores than the late wood; in 
othens again, sucli as lauecli, birch, lime, etc., tliere is no dis- 
tinction between tbe early wood and latii wood in this respect, so 
that it i.s morodillicult to count their rings. Jn coniferous woods 
(Fig. 4) ve.s.sel8 occur only in the mednllary sheath, and the 
annual Jione l»egins with a thin-walled, light-coloured'soft tissue, 
wliich gradually, seldom abruptly, [)asses over into a thick- 
walled, {lark -colon red, bard, laU^ wood, witli narrow lumina. 
Iftmce (Fig. 4, //, e) light-coloured soft early wood directly 
afljoins tfie hard, dark-c()loui'e<l late wood of the previous year. 
In conifers tlieretore there are fairly recognizaldo annual rings, 
wliudi facilitate the (b^terini?iatmn of the age of the tree. 

Mwing to the important bearing of tbe softer early wood and 
lli(‘ liarder late wood cm the dilTerenl, qualities of wrwt), attempts 
have been made to {lelenuine more precisely, within tbe 
annual zone of wood, tlie periods wliicli produce these layers. 
The forrnatif)!! td wood during spring, i.c., in Fjuitral Kurope 
from about tlie end of April till tbe end of May (in ipu'Lbern 
bititudes or higher altitudes frmn dunel, has !»een termed 
spring-wood, while the wood formed suh.sequently during the 
samo year, is termed eummer-wood, or autumn-wootl. As no 
wo(k 1 at all is formed in North Euroi)e during autumn, the 
latter term must be abandoned. 

With a rapul diameter growth and wide annual zones the 
soft spring- wood of conifers grows more quickly than the 
summer-wood; with hroadleaved woods, on the contrary, 
wide annual zones imply hard wml, and narrow zones, soft 
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wood. This qnostion will be discussed fully under the head- 
ing, Weight of wood.” Only when the whole annual zone 
consists of merely two cells, as in very suppressed stems, one 
may be termed the early cell and the other the late cell, 
and these, naturally, can he seen only throiigh a microscope. 

The commencement of the non-growing season is charac- 
terised by the close of the annual ring, by the suspension of 
cell-division in the cambium, by the emptying of the plasmic 
contents of all wood-cells except those of the j)arenchyma ; 
deciduous foliage loses its green colour and falls several weeks 
after the completion of the annual zone of wood. The shorter 
the period of rest, the less distinct are the signs of the 
annual rings in hroadleaved w'ood. In sul)-tropicaI, evergreen 
oaks there are no ring- pores ; w’oody species in the tropics, 
where there is no season of rest for vegetation, have a com- 
plete period of cessation in the growth of wood whenever the 
tree in question loses its leaves, even if this should be but for 
a short period; should leaf-fall recur annually at stated times, 
for instance duritig the dry season, annual zones of wood are 
formed, as in tlie wood of teak, of several tropical leguminous 
trees, etc. In most tropical woods, traces of zones resembling 
annual ring.s may be seen on a transverse section, but tfioy 
cannot l>e considered as such, any more than similar formations 
in the wide late wood of pines, especially of the most southern 
.spfd'es. 

The formation and structure of tlie wood of mom>cotyle- 
donouH jdants, palms and Ijainhoos, diiTers from that of broad* 
leaved trees and conifers. Fn palm-wood (iM’g. 27) the 
commenceimmt of wfH)d-fonnation is also in the hud ; 
isolated vascular hn tidies appear in a pith- like primary 
tissue, as continuations of the vascular bundles {ribs or 
nerves) in the leaves, which spring from the single, 
unbranched, stem. These bundles are not, however, 
arranged in a circle, do not become united by a cambium, 
and are therefore unable to form a cambium for future dia- 
metric growth. In the transverse section of a palm-stem, the 
thickest vascular bundles are those that are innermost ; out- 
wardly they increase in number but are smaller, so that the 
outermost layer of a palm -stem is the hardest ; the thin outer 
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cortex also becomes rich in silica. As the vascular bundles 
from the leaves bend inwards towards the interior of the 
stem and then outwards, the isolated brown or black bundles 
passing here and there through the wood alford a striking 
characteristic of painiwood (Fig. 27). 

In Bamboos, numerous buds spring annually from under- 
ground rhizomes and grow in a few weeks into tall leafy 
shoots (culms), The size of the buds and coaseipiently that of 
the culms increases annually from the .seedling stage, until for 
a fixed term of years an even annual culm -diameter is attained. 
When the culms blossom and fructify, the whole plant dies, 
including the rhizomes. As in bamboos the pith of the buds 
is segmented or chambered, when it extends into the culms 
hollows occur separated by solid transverse walls at the nodes, 
whence the culm-sheaths (modified leaves) spring (Fig. 28). 

The lengtli of an internode, or the distance between the bases 

♦ ® . . 

of consecutive culm- sheaths, is therefore a measure of the 
activity of the growth. The cuhii-sheatlis soon fall, and their 
scars are visible externally us ring- like projections (nodes), 
and at the axils of each sheath, or of the upper ones, leaf- 
bearing branches spring from a depression in the culm. Owing 
to their internal transverse walla, the culms are utilizable 
for many purposes, while their lightness and extraordinary 
strength add much to their utility; their slrengtli is largely 
due to the Jarge number of vascular bundles w’itli scarcely 
any vessels, that are crowded together near t)ie peripheiy of 
the culm with very little intervening parenchyma. 

A knowledge of the structural data of species of woods, as 
well as their identification, is best secured by using three 
sections made in different directions. The first of these 
(Fig. 7, II), a cross or transverse section, is cut perpendicularly 
to the pith or longitudinal axis of the wood : in this section 
the medullary rays d/, M appear cut through longitudinally, 
the vessels (at a, c, d) cut transversely in their width ; the 
annual rings, owing to differences in adjacent structure, are 
most distinct in this section. Hence most authors, who deal 
with the identification of woods or tho study of wood-structure, 
show transverse sections only. Nbrd linger * is the chief writer 

• H. Nordlinger, “ Querschnittc von 100 iloiznrten, IS.Vi, erwoit^i t, ISSH, mit 
fromillandischcr Holwiitcn zu 1 1 Uandon. ’ 

F.U, 
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following this plan ; his traiispai'eul wood-sections afford 
splendid material fur studying the aualoinical structure of 
wood; 11. Ilartig * gives plah^s of somewhat enlarged sec- 
tions, and his paiu[)lilet is better written and more practical 
than Niirdliiigor’s hook. Dr. Muller I also has published an 
excellent pamphlet with good plates on the structure of wood. 
The transverse section is, however, but rarely exposed in 
utilized wood, which usually occurs in longitudinal sections 
cut more or less parallel to the axis of the tree. These 
sections also show the wood- texture best ; foresters should 
recognize European and the more important foreign woods, 
not only by transverse sections, but also by the more important 
longitudinal sections. The radial or silver-grain section, 
more or less in the plane of the medullary rays and radially 
inclined to tlie pith (Fig. 7, S), shows the vessels as llnely 
carved grooves or lines, of various lengths, the medullary rays 
along parts of their length porpendicular to the annual rings, 
and in their height or breadth; the annual rings are less 
sharply defined than in the transverse section, but still 
suiliciently distinct. The other longitudinal section is more 
or less tangential to an annual ring, it is termed the tan- 
gential section (Fig, 7, F ) : on it the vessels appear as grooves 
of various length, the longer, the nearer is the cut to the 
true tangent ; the medullary rays (Figs. 7 and 8, Ft c) are cut 
transversely and show their height and thickness ; tlie 
annual rings appear as wavy baiids that greatly improve the 
appearance of tbe wood-texture, so that economically this 
section is very important. iJurkart {Brunii, 1881) published 
u cul lection of forty wood -species, prei)ared by Fodany in 
\ieniia; eacb species was in a frame with three compartments, 
one for each of ilie above sections. Dy this excellent method, 
a work of exceptional utility was produced, but unfortunately 
tlie edition is exhausted A "similar procedure was followed 
in America by li. D. Hough, of Louville, New York, which 
shows the American woods in three characteristic sections, 

* H. M.'inig, Die L'nterscticiUunKsiiiLTkNialutkir wicliti^weii in Dciilschlahil 
wacliseiKleii IMlzer, ’ 1 AufI, Issm. j’ht Hj'<i edition of llartig's book trans- 
by Someiville, Ix>ug]as, Kilinburgh, isyu. 

.1, Mdijcr, Pic Iloli.'itollc Tijjcblei's u. Preebslegcwcrbers.’’ I. l)u> 
Hoi/.. 



MACHOSCOPIC STRUCTURE. 


19 


with English, French and German descriptions. Hough’s 
collection is just as useful as Burkart’s, for although his 
species are all American, the law already referred to holds 
aood, that there is no ditference in the anatomy or structure 
of American, Japanese, or European oakwood, no difference 
in spruce wood from these countries ; also that the collection 
includes not only typical woods of all European species, but 
of many important American ones as well, such as mahogany, 
hickory, &c, For the same reason, Japanese wood-collections 
are serviceable also for European study, for the Japanese 
possess all our genera of trees and many others besides, and 
have also studied the structure of woods. 

in the following description of the structural data of the 
more important indigenous and foreign wood-species, the 
systematic arrangement followed by Nordlinger is rejected. 
European wood- species with the most striking structure come 
lirst, then those which have no clear characteristics, after which 
follow a few of the more important exotic woods. The plates, all 
original, show the three sectioiis, natural-siijed, of each wood. 
^Vllen the characters appear indistinct in the plates, they are 
so naturally, unless the section is magnified. The use of the 
magnifying-glass would have lightened the work of drawing 
the plates, but certainly would have diminished their utility. 

[The transverse section of the pith is stellate in the oak, pen- 
tagonal in poplar, quadrangular in ash, triangular in alder, 
and the pith is segmented in walnuts and bamboos. — Tr.] 

(A) Broadleaved Woods, 

1, (>/ Oak {Qacrciis). 

(including all deciduous oaks of Europe, America and Asia.) 

Transverse Section. — Thick medullary rays alternating with 
liner ones, they gleam in the dull surrounding tissues, in 
the spring- wood is a circle of wide vessels (pores), usually 
two along a radius; the vessels rapidly decrease in width 
towards the summer-wood and are arranged in radial rows, 
in the summer- wood they often bifurcate, and are visible 
because they are surrounded by a lustrous, pale circle of 
parenchymatous cells. Between these bright radial lines of 
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vessels and parenchyma there run, in fine sections, as in 
I'ig. 7, tine bright bands of parenchyma parallel to the annual 
rings: in very slowly growti wood (Fig. 8), these are hardly 
visible without a magnifying glass. 



nier-woo(l. r /•, e Mwlullaty 
myB. 


Badisl Section.— The pores appear as depressions \ih‘ 
grooves, rendering the annual rings distinct ; these groove^^ 
gleam slightly if the section is through heartwood, the vesseh 
being filled with thyloses (internal growth of cells). The 
medullary r^s show as broad bands, or as portions of bainb, 









PLATE I. 

TYPBS OF OAKWOOD, 
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on account of the obliquity of the cut or the slightly undu- 
lating course of the rays through the wood; according to 
their angle of inclination to the light, the rays appear duller 
(Fig. 7, S, (’) or brighter (Fig. 8) than the surrounding tissue. 
The annual rings are seen as dark lines on the medullary 
rays, the tangential parenchyma seen on the transverse section 
here appears as fine parallel lines. 

Tangential Sectlon.—Intersected vessels appear clearly as 
more or less lengthy grooves; in a curved or 8CAlloi)ed 
distribution on the section they mark the annual rings. 
In the summer-wood these are but slightly marked. The 
sections of the medullary rays are arranged vertically 
as long, dark, dull lines, somewhat thicker in their middle 
parts. 

The sapwood is one to three centimetres broad, light- 
coloiire<l : the heartwood of variable colour, iii freshly cut 
wood it is somewhat useful for determining the sjKJcies and 
cnimtry of the wood, biit this is not reliable enough lor com- 
mercial purposes, Heartwood of most oaks is dull l)rown, in 
red oak {Q. j'lthra) and Turkey oak {Q, Cnris) somewhat 
redder; numerous other kinds of oakwooil are known in 
commerce, f.g., thus stone-oakwood denotes hard quality, 
while winter and summer oakwood have respectively hard 
and soft woods, but not specific differences (such as Q. pedun- 
ntlata and Q. $milijiora). Black or brown oak is a dark 
valuable natural oakwood, that is well known in England ; in 
fiennany, the term is applied to oakwood that has laid long 
in river-water, or in chalyl)eate water. Hazel-oak is very 
narrow- zoned. The colour of oakwood eventually becomes 
<^nrkfir, as do all woods. 


% Spreifi of Bfech (Fa^U9). 

(In Europe, Am|rica, Asia and New Zealand.) 

Transverse 8eotioii.--PorQ8 invisible ; on thin transiiarent 
^f’ctions very fine, very numerous and uniformly distributetl, 
some thick, others fine, always forming bright Iwiida, 
lighter, sometimes darker than the surrounding 
hsHuo, according to the angle of incidenoe of the light. 
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Summer-wood darker tlian the sprinj^-wood, hence the annual 
rings are fairly distinct. 

Radial Section. — Tlie borders of the annual rings are quite 
distinct as dark bands of variable thickness. The rays, 
according to the incidence of light, are light and lustrous, or 

dark and dull, in bands 
of varying thickness. 

Tangential Section. — 
Dark bands show the 
summer- wood. The sec- 
tions of the rays are 
very numerous, dark 
lenticular streaks. 

The sapwood is very 
broad , tlie heartwood but 
slightly coloured, ,or 
distinctly brown ; in 
American ])eccliwood, 
very brown. In Euro- 
pean boechwood, the 
heartwood Imcomes 
clearly distinct after a 
felling. A reddish or 
dark brown coloured 
lu^artwood near the pith 
is ahnonnal (rn/e p. 1 Jf>). 
A few days after tlu' 
felling, the drying of the 
wood outwardly from th(‘ 
pith hecomes apparent 
by the lighter colour of 
the inner zones of wood ; this liglit erdour proceeds up to 
the hark, for the liglit lirowu colour of hei'cliwood cfiines 
on gradually. 

3. iS'prnV’s of Affh {Fraxivm), 

(In Europe, America and Asia.) 

Transverse Section, — Pores numerous and large in lli< 
spring-wood. In tlie summer-wood they are less numerous. 



Kif.'. in.— Type of Beechwood (Fag-ns). 

//, .V. /' as ill Pie. // Spiine-w'tfMi. 
h .Simujior-WfifKl. f. r Mcdiillarv ravs. 
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but small and bordered by pale parencliyma, and therefore 
visible as bright points 


in the surrounding darker 
tissue. Tangential paren- 
chyma is not visible (Fig. 
12b). This is the main 
difference between ashwood 
and hickory- wood, the latter 
possessing visible white tan- 
gential parenchyma that 
is parallel to the annual 
rings (Fig. 1'2a). The rays 
are scarcely visible. Sum- 
mer-wood somewhat darker 
than spring-wood. Owing 
to the large pores, tlie 
borders of the annual rings 
are distinct. 

Radial Section. — The 
liorders of the annual rings 
are marked by curved grooves 
of the large vessels in the 
spring- wood. The medul- 
lary rays are slightly visil)le 
as very numerous, narrow, 
i>rfght hands or patches. 

Tangential Section.— ^Vs- 
sels as in the radial section, 
hut in shorter lengths, Tiie 
finer pores of the summer- 
wood with their parenchyma 
are seen only on very smooth 
sections, according to the 
angle of incidence of light, 
as lirighter or darker fine 
lines. The sap wood is very 
hroad ; the heartwood (light 
hrown) at first resembles the 
as the wood dries. 




A R 

Fi;?. 12. 

A Flit’kory-worwl. R 

(Slip'll! )y ciiliuxetl.) 

sapwood, hnt becomes darker 
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4. SjX'cies of Elm {Ulmus), 

(America, Europe and Asia.) 

Transverse Section. — Pores are larger in the spring-wood 
than in the summer- wood, usually one or two in the radial 
direction, so that the annual rings are distinct. In the 
darker mass of the summer-w’ood, the pores are arranged 

as tangential rows of 
dots, which, owing to the 
pores l>eing bordered by 
pale parenchyma, appear 
as peripheral wavy lines. 
The rays are scarcely 
visible. 

Radial Section. — The 
medullary rays show as 
gleaming, light hrown, short 
bands or little streaks 
among the lighter, slightly 
lustrous mass of tissues. 
The l)orders of the annual 
xones are distinct, being 
I’eprosented by the s<ic- 
lions of the vessels. The 
wavy lines of the transverse 
s(iction appear as fine 
parallel lines. 

ITangential Section. — The 
cut vessels are the larger, 
the more a]iproximately 
tangential is the sectinii, 
otherwise as in the radial section. Transverse sections of the 
medullary rays are scarcely visible as very fine, dark streaks. 
The vessels and lines of pareiwhyma of the Hunnner-wof)d 
ar(; distinct as parallel zigzag lines, somewhat darker tlian 
their environment (Fig. 13). 

Elms have a l>roa<l, dark l^rown heartwood, that on drying 
rapidly becomes darkfir. 
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5. The Sireet Chentnnt {Castanea). 

{America, Asia and Kurope.) 

Transverse Section. — Vessels somewhat larger and more 
numeroiis in the spring- wood ; in summer-wood often 
arranged in radial, bifurcating rows, as in oakwood, and, 
owing to their being surrounded by pale parenchyma, 



FiV. 14.— Type of Sweet Chestnut CiET. 1.) —Type of RobiJla Wood 
Wood (Castanea). (Robinia). 


they appear as whitish forked lines in the darker mass. 
The medullary rays are scarcely visii)le. 

Radial Section. — The annual rings are distinct, owdng to 
the sections of the vessels ; the medullary rays are faintly 
recognizable as short, bright portions of hands. 

Tangential Section. — The vessels and annual rings as in 
the radial section (showing five years’ growth in Fig, 14). 
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Wa'^^ lines of finer vessels and surrounding parenchyma 
scarcely recognizable. 

6. The Robin ia or Fahe Acacia {Uohinia). 

(This includes other Papilionaceae, such as Gleditsia, 
Laburnum, etc.) 

Transverse Section. — The pores in the spring-wood some- 
what wider than in the summer -wood ; in the sapwood 
(Fig. 15, left-hand) open, and therefore dark in the plate, 
but closed by thy loses in the heart wood, so that they are 
but slightly visii)lo in the pale yellow spring- wood. The 
ve.ssels in the darker summer- wood are surroiimled by 
pale parenchyma, and appear as wavy or /.igzag lines. 
The spring- wood is pale and porous, so that the annual 
rings are distinct. The medullary rays appear as pale, line 
lines. 

Radial Section.— The borders of the annual rings are quite 
distinct, owing to the open grooves of the vessels in the sap- 
wnod, and the pale zones of spring- woo<l in the 1 1 cart wood. 
The rays are distinct as l)right, pale portions of hands. 
The parenchyma of the siimmer-wood appears as liright 
longitiulinal lines. 

Tangential Section. — The vessels of the sapwoo<l and heart- 
wood appear as in the radial section ; the pavencliyina of tlie 
Slimmer- wood, as wavy bands [tarallel to tlm animal rings, 
brighter or darker than the mass of the wood according to 
the angle of incidence of light. 

Robinia.— The sapwood is narrow ; the beartwood light 
3 ^ellowisb-green, becoming later lirownisb -green. 

Gleditsia. — Sapwood broad ; heartwofxl rose-coloured. 

Laburnum and Cladrastis. — Very narrow sapwoo<l ; heart- 
wood reddish -brown. 

7. Sprries of JiV/Z/o/Z {Ju(ilmist). 

(Represented by six species in America, Asia and Enrope.) 

Transverse Section.— TIu; pore.s arf- pretty tsveiily distri- 
buted throughout the annual zones, lint Hometimt'H more 
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abundant in the spring- wood ; 
they are also larger in the 
spring-wood. The summer- 
wood is somewhat darker 
than the spring- w^ood. Hays 
scarcely visible. 

Badial Section. — The 
vessels in the spring-wood 
form largo grooves, dark 
brown or nearly black ; light 
brown in the grey walnut. 
Hays scarcely visible. 

Tangential Section. — The 
annual rings are, according 
to the incidence of light, 

, either bright or dark lines. 
The vessels as in radial sec- 
tion ; moduli ary rays invisible. 

Juglans nigra. — Sap wood 
broad ; lioartwood reddish- 
brown. 

Juglans regia. — Sap wood 
broad ; hear I wood light grey 
to dai'k violet. 

Juglans cinerea. — Sapwi 
brown to greyish -l)rown. 


a? 



I m. -Type of Walnut-wood 
(Jnglana). 

broad : heart wood light 


8. Sjicrif's of Maple (.hrr). 

{America, Asia and Europe.) 

Transverse Section. — Spring-wood is pale, sinflmer-wood 
dark, so that the annual rings are clearly marked. The 
vessels are all very narrow and invisible. The medullary 
rays are niimoj'ous, and with proper light-incidence appear as 
pale, bright linos. 

Badial Section. — Annual rings only fine dark linos. 
Medullary rays, according to angle of light-incidence, either 
pale or dark hamls, or specks, si I ley, narrow and very 
numerous. 
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Tang6ntial*Section. — Annual rings only wavy dark bands 
varying in breadth with the direction of the cut. Medullary 
rays visible as very numerous short streaks, ^darker"* than the 
surrounding tissue. 



Fij?. 17,— Type of Maplewood (Acer), Ki". is,— Type of Homheam-wood 
and wood of Cherry or Plmn (Pruuns). (Carpinns). 


Sapwood broad; heartwood bright brown, subsequently 
becoming darker. 

1). Specks nj Cherrjf and Plum (P run us). 

(American, Asiatic and European.) 

These woods greatly resemble that of maples in their struc- 
tural (dements. The spring- wood exhibits a great number of 
fine vessels, which render the annual rings distinct Differ- 
ences consist chiefly in the colour of the woods, plum-wood 
being yellowish -brown and cherry-wood of a reddish tint in 
the heartwood, with a broad sapwood. 
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10. Specie s of Iloniheam {Carpi tins) 

(American, Asiatic and European.) 

Transverse Section.~The ordinary medullary rays are very 
fine and hardly visible ; where several unite to form a band, a 
dull, broad, compound ray occurs. The number of these 
broad rays is very variable, depending on the individuality of 
a tree and its locality ; many pieces of horjibeam-wood have 
no brocad rays, while in other pieces they are numerous. 
Tliey traverse the wood in slightly curved lines, owing to the 
waviness of the annual zones. The annual rings are not 
very distinct, as the summer'- wood is but slightly darker than 
the spring-wood. 

Radial Section.— The vessels, annual rings, and iitie 
medullary rays are scarcely visible ; tlie compound rays are 
, dull, broad bands, or parts of bands, but are very distinct. 

Tangential Section. — Tbe zones of summer- wood appear as 
zigzag bands, of which broader or narrower parts may be 
seen, according to the direction of the section , The com- 
pound medullary rays appear as thick, dark, dull lines of 
various length. 

Sap wood and heart wood of similar colour. 

11. Speem of Alder {Alims), 

(European, American and Asiatic.) 

Transverse Section,— Tlie vessels and line medullary rays 
arc invisible. The compound ravs, like those of the horn- 
beam, are very distinct but often few in number tbougli 
sometimes immerous, and thus alderwood is easily recogniz- 
able, The annual rings are fairly distinct, owing to the light 
sapwooil and darker heart wood. The wood is easily distin- 
guished from that of hornbeam by the lieaviness of the latter. 

Radial Section. — The annual rings arc most distinct along 
the compound ravs, whicli appear as broad dull bands, or 
parts of bands, running through the wood. The line rays 
are scarcely visible. 

Tangential Section,— The annual rings are distinct, especi- 
ally at their points of iutereeetiou by the compound rays, 
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which appear as long, dark, dull lines. These rays roscmblc 


those of hornbeam-wood, and 





miy attain 10 c.m. in breadth. 

The sapwood is broad; the 
heartwood, in the grey alder, 
of almost the same colour as 
that of the sapwood, ia the 
black alder it is reddish or 
yellowish-red. 

Owing to the absence of any 
decided characters that could 
be Peprodiiced in a drawing, 
110 plates are given of the 
following woods. They are not, 
however, ditlicult to identify 
if the points brought forward 
are attended to. 


12. of Bu’ch (Bctula), 

(European, Asiatic and 
American.) 

The annual rings are dis- 
tinct on none of the sections ; a 
somewliatdarkersuminer-wood 
marks their position feebly. 
Tile line medullary rays are 
visible only on a sharply cut radial section. The best charac- 
teristic of the wood arises from the narrow vessels, which 
on the transverse section ajjpear as line points; on the longi- 
tudinal section, as line lines; they are white. When one 
holds an4 turns the piece so that the light falls on it over 
the observer’s shoulder, the annual rings then appear as tlun, 
dark lines. 

Most birches have sapwood and heartwood of the same 
colour, only the wood of the clierry- birch {BctiUa lenta) has a 
brownish heartwood. 



i / 
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13. Species of Lime-trees {Tilia), 

Limewood or linden-wood siiows its light yellow anuual rings 
on every section. If the piece of wood is observed as was 
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recommended above for birch, the whitish vessels are either 
invisible, or are seen here and there ; tlie medullary ra}''s are 
somewhat more distinct. The sapwood is br<jad, the Iieart- 
wood slightly brown. Jiirciiwood is always heavier than 
lime wood. [Lime is also the name for species of Citrus,— Tr.] 

14. ^'pccies of Vaay, Ap2)h and ISorhtui. 

(Licluding the genera Pirns and ISorbus, represented by 
numerous species in Asia, America and Europe.) 

Decided chai'actenstics*are wanting. The medullary rays 
may be distinguished on good sections. Owing to the 
uniformity of the spring- wood and summer- wood, no valuable 
inforinatiuu is obtainable from an inspection of aJiy of the 
sections. The siiperior hardness and specific gravity of their 
NYOod, when compared with limewood, is a usefid test. 

Tile sapwood is broad ; the hearlwood in applewood, reddish- 
brown, and browner in pearwoud, iu ilie wood of species of 
borbus, of a lighter yellow or brown. 

15. S/Kcien of Poptdus and Salix. 

Tlie soft, liglit wood of poplars and willows most clo.sely 
reseiul>lus that of conifers, but may always be distinguished 
from the latter by its numerous very line vessels ; it is dislin- 
guishable also from birchwood, which is Iieavier, by the 
whitish gleam uf the ]K)res (observed as in bircliwood witli a 
favourable incidence of light) ; from limewood, by the absence 
of bright annual rings. 

The saijwuod is very broad, iu poplarwood of the same 
colour as the heartwood, but abnormal colouring 4 jwing to 
decay is freipieiit. \arious species of willow possess variously 
tinted heartwood. 

10. iSpcciciJ of Homc-Chestnnt {Ai'scuhia) , 

(Eiu' 0 [>e, Asia and America.) 

On none of the sections is there any decided cliaracteristie, 
owing to the almost homogeneous pale-yellow wockI ; the wood 
can therefore without dillicult}’ be distinguished from that of 
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other bioadlcavecl trees, but it is difficult to distinguish it from 
conifers, except microscopically. On all tlie sections, a Ijright 
line between tlie spring- wood and summer- wood is a good test 
for horse-chestnut wood. 

Of foreign woods, oniy those will be described here that 


come into tlie home-market 



Fig. Mahogany- wood (Swietenia). 


and compete with indige- 
nous wood. No foreign woods 
ei tiler will be described that 
have come into any of the 
above-iiientioiied groups, as 
tlfey cannot be distinguished 
with any certainty from 
indigenous woods of the same 
genus, either by ocular vision, 
or microscopically^ 

17. Specks oj liickorn 
(//icurih [Catija ] ). 

(North American only.) 

Hickory- wood {I’ig. 12) re- 
semldes that of ash most 
closely, but may lie dis- 
tinguished from asliwood by 
the line briglit lines of paren- 
cliynua that run parallel to 
the annual rings, and arc 
absent from ash wood. 

tSapwood broad, heartwood 
light brown. 


18. {SH'ictcniu), 

(Tropical America only.) 

Transverse Section.— The medullary rays are distinct as 
numerous, fine, bright lines. The vessels arc uniformly dis- 
tributed, partly filled wiili tliyioses, atul then seen as brigiu 
(lots, if not .so filled, the dots are dark. Interruptions of 
growth are marked by very_ distinct bright lines, resem})Iiug 
annual rings; the mass of the wood is slightly bright- 
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Eadial Section. — Thfi 
bright mass of the wood as numer^ 

The sections of the vessels are darkTu^rT 
Tangential Seetion.-The Lea ef " 
show as bright bands; • inea of interruptions of growth 

! vessels as parts of canals, 
similar to those in the radial 
section. The wood is bright 
in this section also. 

Sapwood narrow, heart- 
wood bright reddish-brown-; 
specific gravity like that of 
walnut. 

IJl- Species of Cedrela-wood, 
known as Cedar- 

*ii'ood(Cedr€la), 

(Tropical and sub-tropical 
America, Asia and Aus- 
tralia.) 

. or cedarwood 

‘S rofter and lighter than 

™tog«ny, though very near 
' , '‘'-"cturo. The vesseks 

ot the spring-wood are some- 
what larger than those of 

[the summer- wood; the entire 
wood is somewhat 



- "‘^iuBwiiai less "’■~*“'‘W“®‘'(I«'toiiagrandis), 

tee bLLLLo? ma*hogaI;r'‘“’‘''“°‘’ 

20 . 'leakifooil (Tectoua firandis). 

(Tropical Asia.) 

Transverse Section — -Tl,., 

growth is marked by a na, of each season’s 

and usually open pores whicraJ**® 

plate; the pores are ofteiUn ««“®eqnently dark i„ the 
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there are closed vessels, which are visible as bright spots. 
The medullary rays are scarcely visible. 

Eadial Section. — Vessels in the late wood show as bright 
lines, those in the early wood as dark shining grooves cut 
longitudinally. The annual rings form bright lines. The 
medullary rays are brighter or darker, according to the angle 
of incidence of light, than the slightly lustrous mass of 
the wood. 

Tangential Section. — Alternately dark and pale l)anda show 
the season’s growth ; the vessels are as in the radial section. 

No less frequent, but very characteristic features, are the 
isolated larger vessels filled with a snow-white matter, that 
appear in the transverse action as white points, and on the 
longitudinal sections as white lines. Besides the scent, 
resembling that of caoutchouc, the brownish-grey tint of 
the heartwood is noteworthy. 

21. Boxwood {Buxus). 

(Chiefly from southern Europe, Asia and America, but also 
indigenous in England and France.) 

Medullary rays and vessels invisilile on all the sections. 
The annual rings a 2 )pear as darker lipes in the otherwise 
uniformly bright yello\Y-coloured hard and heavy wood. 

22, Olive irood (Olea). 

(Southern Europe, America and Asia.) 

Vessels and medullary rays invisible on all the sections, but 
differs from boxwood by inferior hardness and specific gravity ; 
its colour is also rather pale- brown than yellow, and the 
annual, rings are often obliterated by a brown colouring 
matter, which permeates the wood. By rubbing the wood, a 
characteristic scent resembling that of teakwood, occurring 
also in boxwood, is noticeable. 

23. Vitae or Pulley^wood (Guaiacum). 

(Tropical America.) 

The annual rings are distinct on all the sections, owing to a 
dark brown zone. Medullary rays invisible ; the vessels are 
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fine but distinct as dark green lines and points. The fibres 
change in direction from left to right and from right to left 
every year. 

Sapwood narrow, pale, and of a dull yellow ; the heartwood 
olive-coloured and scented like gum, 

24. Ehonjf-wood (Dmpym). 

(Numerous species from warmer and tropical countries.) 

The medullary rays are invisible, the vessels in the deci- 
duous species are larger than in those that are evergreen ; the 
former have also more distinct annual zones. The sapwood of 
true ebony is pale and of much lighter weight (about 5 : 8) 
than tlie heartwood ; the heartwood of some deciduous species 
is light-grey with intervening darker tints. That of some 
evergreen species is either dark brown or black, or with bands 
of grey and black wood, as in cal amander- wood {D. quaesita).* 
In black ebony {D. Ebenum), the vessels appear in longitudinal 
sections as lustrous fine dark lines, contrasting with the dull 
ground-tissue. 

25, Jacayanda,\ false rosewood {Maehaerium). 

(Brazil.) 

Very large isolated pale vessels, evenly distributed ; their 
lamina are filled wdth a lustrous parencliyina resembling 
varnish. Colour violet to brown. Wood sweet-scented, 

26. Rosewood {Dalbergia, ThesjWHiaf Calophi/Uum, ek,}. 

(Several species from various tropical countries.) 

Vessels fine, but distinct. Tlie wood is brilliantly “ darned ” 
with red or cherry -coloured streaks, hence its name ; the rosy 
colour absent in decayed spots. Medullary rays scarcely 
visible. [Palisandre is the French name for roaewood.—Tr.] 

Uaiublc, “ Iinliaa Timbers,” siibdivitlca eUmy-woocis as follows 
1, Heartwood wholly black, or slightly streakt^l, as in P. KfieMHw, 

„ streaked black and brown, or grey {D. iiimexitu). 

3. „ very small, black streaks in brown or grey woimI (I). 

„ none. Wood of various tints (B. 7,(>Ow). Europeari. 

t [Jacarancla is the Brazilian name for MfirAfWnt/w, The genus hcarand^i 
8 a Bignoniad of no value as wooib— Tr.J 
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27. Padank (PtnocarpuA), 

(P. indicus and P. viacrocai-ptis from Burma, P. dalbergioides 
from the Andaman Isles, also P, indicus from Cochin- 
China and New Caledonia.) 

In smooth longitudinal sections, bright lines of parenchyma 
occur in the bright red ground tissue. The vessels are dis- 
seminated scantily, and their sections are lustrous ; bright lines 
of parenchyma concentric ^Yith the zones of wood. The colour 
of the wood is usually bright red. The Andaman Padauk 
appears to be the best (Gamble). 

28. Tulii>irood, Ctniarif Whitorood {Liriodeudnm). 

(From North America.) 

This wood is known also as American poplar wood, which 
name is very misleading. 

Transverse Section. — The medullary rays are very nume- 
rous, distinct, bright lines resembling those in maplewood 
(Fig. 17). The annual rings form distinct white lines; the 
vessels are invisible. 

Radial Section. — The medullary rays are narrow lustrous 
bands ; they pass transversely through the annual rings, as 
white lines. 

Tangential Section. — With a suitable incidence of light tlu' 
white annual rings are visible. 

The sapwood is broad ; the heartwood, bright yellowish- 
green or olive-coloured. 

29. Violet-wood or Mi/all {Acacia Jumalophi/lla), 

(South Australia.) 

On a transverse section, the vessels are seen equably distri- 
buted, the bright hands of parenchyma are scarcely visible; 
the general colour is brown to olive-green. Wood scented 
like violets. [Acacia pcndula, from Queensland and New Soutli 
Wales, is in England termed violet-wood.] 

(B) Coniferous Woods. 

There are no broad medullary rays nor vessels in coniferoii!^ 
woods; the few vessels which surround the pith are of no 
importance for identifying wood. The fine medullary rays 
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are very numerous. Several coniferous genera have resin- 
ducts, which are readily distinguished from vessels owing to 
their constitution and their position in the wood. Unlike 
vessels, they have no proper walls, and are not only vortical, 
or parallel to the wood-fibres, but also horizontal, in the 
medullary rays. Resin -ducts are full of turpentine from the 
commencement of their formation, as intercellular passages ; 
as long as the passage widens and the surrounding cells 
increase in number, turpentine flows from these cells into 
the resin-duct.* The presence or absence of resin-dvicts, their 
size, colour, etc., or their local swellings as resin-galls, supply 
an important aid in the identification of genera. All species 
that have resin-ducts, when, freshly felled exude turpentine 
from the sapwood of the sections. Owing to their arrange- 
ment in the wood, resin -ducts appear in a transverse section 
either as dot-like cross-sections of the vertical ducts, or as fine 
radial lines, tbe longitudinal sections of the horizontal ducts. 
On the radial section tlie ducts appear as lines running verti- 
cally or horizontally ; on tbe tangential section, the horizontal 
ducts are fine dots, and the vertical ducts are lines. The 
liorizontal or medullary -ray ducts are always finer than the 
vertical ducts. Resin-ducts of coniferous woods are always 
seen most clearly, if light falls over the observer’s shoulder 
on to a piece of wood held nearly liorizoutaily. When fclie 
annual zones of wood are narrow, there is usually less 
reduction in the summer- wood than in the spring- wood, so 
that in general narrow-zoned wood is harder and hea\derihaii 
wide-zoned wood {vide p, 57). 


30. Spi'Hce {Picea), Pines {Pinns, sadions Taeda and Pinaskr), 
Larch {Liiriv)^ Dougins- fir {Psmiotsuga). 

The genus Picea includes all species of spruce ; the 
sections Taeda and Pinaster include certain species of pine ; 
Larix includes all larches ; four species of 

Douglas-fir from America and Asia only, the other genera 
being also European. 

Transverse Section.— Medullary rays are scarcely visible ; 


* H. Mayr, '' Das Harz der Burliu, ISSl. 
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the vertical resin-dncts appear as fine bright dots in the 
darker summer-wood. Fine lines that are bright or dark 
according to the angle of incidence of the light in the radial 
direction denote horizontal medullary rays. Spring-wood is 
soft and pale and suddenly passes into summer-wood, repeti- 
tions of soft, pale wood also occur in the latter (Fig. 22). 



Kig. 22.— Type of Sprucewood. Picm 
anil Pifiii/f (section Laru' 

and PmnlitiKuga. 


Fig, 2 H.— Type of Finewood. Pina 
(section Taeiln). I’itcUpine (/'i'"' 
ixtluxinit) fiuin the s<mlh-e:is( 
Nortli America. 



Eadial Section.— The resin-ducts appear as fine lines (but 
are not clearly shown in the plate). The medullary rays arc 
faintly visible and render the radial section of conifers luskroun- 
The annual rings are clearly seen owing to the diflference 
])etween the dark summer-wood and pale spring-wood. 

Tangential Section.— The resin-ducts, especially when they 
occur in the summer-wood, show distinctly as longer or shorter 
lines. The annual rings are also distinct. 






. Seeium f&om a aprace tree 200 years, old (sp^* 
0*637). Slow regular growth in a dense forest. 
of l3^i; qtrMl^y^or cloving : osed for violins, ^ 

' of ChaniOTinix (Haute Savoie). Altitude 4^550 feet. 






Section from a larch tree. Begalar structure, 
and moderately fast growth. Kippendavie, PertbewSfe. 
Old red sandstone. ^ " 




Section hrom a larch tree. Very rapidly grown |Sd 
produced at a low altitude. Lord Bathurst’s w^s, 
nearOirencesler. Great odite. 
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Genus Pices, species of spruce. The sapwood of moderate 
breadth, the heartwood contains no colouring matter so that 
after the sapwood has died, the sapwood and heartwood assume 
the same tint and remain similarly coloured. The sapwood is 
characterized by an exudation of turpentine, as in all woods 
belonging to this type. 

Genus Pxnus * (Pinaster typo). — The Pinaster pines are 
two-needled, with a moderately wide sapwood and slightly 
reddish-brown heartwood, which becomes darker after felling. 
The resin-ducts are somewhat larger than in spruces, and a 
sudden transition of spring-wood into summer-wood is com- 
moner in these pines. 

Genus Pinus (Taeda type), three -needle pines, — Sapwood 
variable in breadth, heartwood as in Pinaster pines, but 
resin-ducts larger and more distinct than in the latter (Fig, 23, 
wood of Pinus palustr is f pitchpine). There is usually a more 
sudden transition into the broad, hard, reddish summer-wood 
than with Pinaster pines, to which section our Central and 
Northern European pines belong. 

Genufl Larix,— Species of larch with narrow pale sapwood 
and reddish-brown heartwood. The resin-ducts are always 
finer and less numerous than in all the above-mentioned species. 

Genus Pseudotsuga,— Species of Douglas-fir, The sapwood 
is fairly broad, the heartwood reddish-brown, as iu larch, and 
cannot be distinguished exlenmlly from larch heartwood. 
For a certain diagnosis of the wood of all the above species 
the use of the microscope is necessary, and exhibits such great 
differences in the anatomy of the medullary rays, the resin- 
ducts, and in Pseudotsuga, also in the tracheids, which (as was 
shown by Somerville) have, like yew, spiral thickenings, 
that no possible confusion can arise. 

31. Cetnhran pinewood (Pinus, sections Ceinhra and Strobus), 

(There are eight species of the Cembran type and eight of the 
Weymouth type in Europe, Asia and America.) 

The resin-ducts on. all the sections are more distinct 
than in the Pinaster pines, but less so than in the Taeda 
pmes. ^he transition from the spring-wood to summer-wood 
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IS gradual, and the latter is limited to a narrow zone. 
The sapwood is broad, the heartwood pale reddish-brown, 



Fig. 21 . -Type of Cembran Piaewood 

{Piutui, group {'imhni), and of Wey- 
mouth pinewood [Pinug. group 
A OemFraii ijine. 11 WeyiiioiiUi pitjc. 

As there are no resin-ducts,* 
scent apparently are available i 


becoming darker on seam- 
ing, Narrow-zoned Wey- 
mouth pinewood taken from 
the outer zones of old trees 
is not distinguishable from 
Cembran pinewood, even 
microscopic observation fails 
to separate them. 

U2. i\f Silrn’-fu\ 

Abies ; of Hemlock- spruce, 
TsiKja ; of Tarodinxae, 
Sequoia, Crtjplomcria, and 
Tai'odium ; oj Cedars, 
Cedriis.*^ 

The genus Abies includes 
all silver-hrs in America, 
Asia and Europe ; Tsuga is 
represented by seven species 
only in America and Asia ; 
Sequoia and Taxodium in 
America only ; Cryptomeria 
in Asia ; Cedrus by three 
species or varieties in Africa 
and Asia. 

only differences in colour and 
11 the identiiicatioii of these 


• [The w<xxl of Detxlar {CcdniA Libani, mr, Deodara') iij nio»lerately luml, 
strongly sceulwl, and very oily. The anmial rings are distinct, owing to tiu* 
darker suimner-w’ocxl. The medullary rays arc tine, unequal, and irregular, 
fairly numerous, and show as a silver-grain on the ra^lial seel ion. The resin- 
ducts are contiguous and arranged in couceutric rows of single duets closet'' 
the borders of the annual zones of wwxl. They are absent from some of tliCM 
tones, and in the sj>ecimen Ijefore me appeal in alternate zones only. Mon* 
knowledge is r^iuired aljout these ducts in (leod.ar-wood, .and whether tlu v 
occur also in the cedars of I.cbanon and of the Atlas Mountains. Theii 
presence in deodar- wood was rc{>ortcd in U amble's “ I ml inn Tiinbci s," firM 
edition (1881), but was omitted in the second e<lilion of this book (11)02), Olht i 
authorities state that ce<larwo<xi contains iiuduct.s, Tr, j 
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woods. Even microscopic observation fails owing to similarity 
in their structure. 

Species of Silver-flr (Abies) are characterized by the fact 
that there is no colouring matter in either sapwood or heart- 
wood; in this they resemble sprueewood, but can readily be 
distinguisbed from the latter by the absence of resin-ducts. 



I’ig. 25. — Type of Silyer-fir-wood 
; of Hemlock-apruce (7^'«y«) ; 

SeqiHUU^ 
and CvdvdH. 



Fig. 20.— Type of Cypress-wood { ( luimae- 

(•{Ijifiris, Thinja, I.ihovi'tirux, 

JuuijH'nix, eto.). 


Species of Hemloek-spruce (Tsuga) have a broad sapwood 
and a grey or greyish -brown lieartwood. 

In Sequoia the sapwood is narrow, the lieartwood cherry - 
red, eventually becoming greyish-brown. 

Taxodium has a broad sapwood and a greyish -brown beart- 
woo^l ; Cryptomeria, a broad sapwood and a reddish-brown 
bearlwood. In cedar wood the sapwood is broad and the 
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heartwood yellowish-brown. There are some microscopic 
differences between the above-mentioned woods, 

33. ]]'oods of the family Cupressineae {Generaj Chamaecyparis, 
Cupressus, Thuya, Libocedrus, Junipems, etc.). 

There are no resin-ducts, and these woods are difficult to 
distinguish from those of the former groups ; the finer tissues, 
especially in the summer-wood, and their characteristic scent, 

as well as differences in 
colour, afford a few not 
very trustworthy characters. 
Microscopic examination is 
also unsatisfactory. 

Lawson’s Cypress 
( Ch a m a e cypa ris La trson i ■ 

ana] has a broad sapwood, 
a pale reddish heartwood, 
slightly differentiated from 
the sapwood, a character- 
istic scent. Cham, obtusa 
(Japanese) has a rose- 
coloured or reddish heart- 
wood and a characteristic 
scent ; Cham, pisifera 
(Japanese), a yellow heart- 
wood ; Thuya plioata, a 
brownish-grey heartwood 
in Thuya occidentalis the 
heartwood is almost identical with the sapwood ; Juni- 
perus v^giniana and J. bermudiana, Pencil-cedar, a narrow 
sapw^ood, the heartwood being bright cherry-red and becoming 
later yellowish-brown, with a pleasant cedar-like scent 
(Fig. 26). 

(C) Palmwoods. 

34. Woods of the genera Areca, Aretiga, Borassus, Cocos, 
Corypha, Livistona, Sabal, etc. 

Transverse Section. — Vascular bundles with thick dark 
brown or black wood, that is very hard near the periphery of 
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the stem, evenly distributed, except that they become more 
numerous towards the cortex, but are reduced in thickness. 
Radial Section. — Some of the vascular bundles are vertical 


and others oblique, running inwards, or 
outwards (as in Fig. 27). 

Tangential Section. — Some of the 
vascular bundles are vertical, others 
triangular in cross-section, and if the 
section cuts the bundles obliquely, they 
are lanceolate (Fig. 27). 

Palmwoods, according to genera, ex- 
hibit bundles of various colour from rose 
to brown and dark black. 

(D) Bamboowoods. 

35. Ilmids of the genera Arnndinarea, 
Bambusa, etc. 

Transverse Section.— From tlie hollow 
•outwards the vascular bundles are 
arranged in groups of four each, in the 
form of a cross, nearer the cortex they 
are reduced to two woody parts, the 
inner of which constantly increases in 
thickness. The number of the bundles 
increases towards the cortex. 

Radial Section.— The vascular bundles 



appear as light brown or yellowish strands 
of varying thickness, they are also twisted 
into the transverse wall, that is opposite 
to the external projection from which a 
sheath-leaf has fallen (Fig. 28). 


Bamboowood. 

To tlie iffl exterior, 
to tlie right liullow in- 
terior in the part of a 
transverse wall, opposite 
to the line ot^ insert iou 
of a sheatk'lcaf. 


B. The Physic.\l Properties of Wood.* 

1. Colour, 

Much attention has not been paid to the colour of our 
mdigenous woods, as only a few of them (except laburnum- 
* H. Nordliuger's valuable works ou wood eotnprise : “ Dor llolzi'ing,” 1872 ; 
technlschen Eigenschafteii der Hiilzer,” I860 ; “ Uie gewerblieliou Eigeu- 
i't'lmfieu der Holzer,” 18yo. 
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wood and brown oak) are naturally of a fine colour ; also 
desirable colours depend chiefly on fashion, while by bleach- 
ing, and by the use of acids and dyes, any fashionable colour 
can be produced. The natural colours of our woods are 
utilized chiefly in wood-mosaic work. Freshly felled wood, 
as a rule, possesses a distinct colour, which is only 
transitory. 

It is by chemical changes only that the surfaces of planks 
and scantlings, at first exhibiting very little trace of colour, 
often rapidly acquire a decided tint, r'.r/., black alder wood ; 
such tints moreover cannot be fixed and are usually of no 
economic value. It has been surmised that these changes of 
colour are due to tannin acted on by oxygen, by the air and by 
sunlight. Colourless saps and chroinogen, that are the bases 
of madder, indigo and litmus and become coloured by oxida- 
tion or decay, are absent from wood ; some w oods, such as red- 
wood or pernambuko-wood * {Caesalpinia braHiliensiH), contain 
an extractible dye. Cacsalpinia Sappau, cultivated in Soiithei'ji 
India and Bengal, said by Gamble to be wild in the Sliaii 
States, yields a red dye, that is mucli used. Logwood {Haema- 
toxylon campechianam) from the West Indies and Central 
America, red sanders {Ph^rocurpus saiitalifnoi) from Madras, 
and other tropical woods, also yield important dyes. All our 
ow'n woods when boiled yield a brown LM)louring matter (colour 
of brown paper). 

Owing to the action of the oxygen of the air, all wood 
colours become gradually darker ; even what is described as 
colourless sapw'ood becomes darker. 

In oi^position to the prevailing opinion, we class all woods 
into two groups from the fact that all species of wood possess 
a heartwood, whether the latter be externally discernible, 
owdng to its being permeated by colouring matter, or not. 
In both these cases, the heartwood has physiological func- 
tions, which the sapwood cannot fulfil permanently (water 
transport). It is better to renounce such terms as sapwood 

* [ilathey, op, cit,, p. 7, ttrins tiiis lifazil-wool, but .sUites that it comes from 
('aegalpima erhtu and C. prhlnnfa of Guiariji. Stone {‘‘ TimbeJ’a of Commerce "j 
give.s Chlorophora t'lnrtoria, from Cuba and Brazil, as tlie origin of Fustii’ 
{Oelhtn Jiratilholz), Math(‘y mentions Iff/ppripnoi hoccijevim (yellow) aii'l 
Copa’i/era bracteata (violet), Guiana.— Tr.j 
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trees, trees with incomplete heartwood (Reifholz) and 
heartwood trees. 


Ali our species of woods can therefore be grouped as 
follows * 


I, Heartwood 
col oared. 

Permeated with 
colouring mat ter. 


II. Heartwood 
uacoloared, 

Ki that eapwood 
and heartwood 
resemble one 
another. 


i Heartwood in living trees /Pines, larches, hemlock* 
containing little water, j spruces, Douglas - firs, 
Trees die shortly after gird-] deodar, all Cvpremneae 
Idig. I and Taxodineae. 

Heartwoofl in living trees elms, ashes, lilacs, 

containing much water. plums and cherries, mul- 
Trees mny live a few years ] ^erry-trees, sweet chest- 
\ after girdling. J^clrou-a and all 

i I^f/piUoffacMe. 


Heartwood in living 
with liltle waf er. 
Heartwood in living 
rich in water. 


tres's • silvor-firs, Scindn- 

* Cephalota^vx. 

, [ Beeches, hornbeams, birch 

(except lieMa Jenta), 
maples, horse-chestnuts. 


The more important indigenous and foreign species of wood, 
shortly after felling, exhibit the following colours : 

Sapwood is coloured pale whitish- or reddish -yellow in all 
wood-species.* 

Heartwood similar to sapwood in colour. — Spruces, silver- 
firs, spindle-trees (/Mwny??n/s), horse-chestnuts, poplars, 
birches (except chorry-birch), Sdodopiifis, beeches. 

Heartwood only slightly darker than sapwood.— Maples, 
limes, Sorhus, Lawson's cypress, Thuya ocridaitalin. 

In all succeeding woods the colour of the heartwood only 
is referred to : 

Yellow. Box, barberry, iiV/as, orange-wood, pomegranate, 
Ma(dura, sandal, Chamaecyparis pisifera (Japan), elder, satin- 
wood (C/do?-o.ri//oh) (Ceylon), Xantho.vylon (West Indies), 
FeroUa (Guiana). 

Light-brown.— Oaks, Ailauthus, Celtis, Sorhus, hickory, 
sweet-chestnut, plums, elms, ash, pearwood, olive, old pencil- 
cedar wood. 

Light reddish-brown— Yew, larch, old mahogany, cedar 
iCedrek), cherrywood, greiiadil {Aiilliynis, Dalhergia, West 
Indies), briarwood {Erica arimrea), Soots pine, Cembran pine. 

wt ■ spocios of w’asoiicil \voo.i (species uuileterminetl) in 

Brin i much darker than the heartwood. They are both from 

isii utnana, and their native names are Howadaimi and ¥anniballi,“ balli ” 
oeiQg the Carib word for tree.— Tr.] 
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Dark reddish-brown.— mulberrywood, some 
species of Taxodiiivi. 

Greyish-brown.— Teak, walnut-wood, jacaranda, giant 
thuya, swamp-cypress, Catalpa, 

Light grey.— Woods from volcanic deposits in Japan. 

Dark grey. — Some deciduous species of Diospyros, iron- 
woods* {Sideroxphm, Cupania). 

Black (or black and brown).— Some evergreen Diospyros 
(ebony). 

Eose-coloured. — Freshly cut pencil-cedar, rosewoods, 
Cliamaeci/paris ohtusa, Japan, Sitka or ^lenzies spruce, and 
Pi era houdoensis (Japan). 

Yellowish-red. — Gleditsia (North America), Gymnncladu,'^ 
(North America), laburnum, Turkey-oak, fresh mahogany, 
Weymouth pine. 

Cherry-red.— Sequoia, red sanders. 

Bluish-red.— Amaranth-wood (purple-heart, Copaifera) 
from Guiana, black walnut, logwood, Catalpa spcciosa (North 
America). 

Blood-red (streaked with brown and black).— Andaman 
padank {Pterocarpus dalhrnjioidcs). 

Green, — Lauras Chhaoxylon , cocus or green ebony t {Bvjia 
Kbemis), from Central America and West Indies. 

Yellowish green.— r{ol)inia. 

Light olive. — Magnolia, tulip wood. 

Dark olive. — GtiaiactnUj cocus {Bn/a Kbenus). 

The breadth of sap wood varies in genera, species, and 
even in individuals ; in youth all species have sapwood only ; 
many species are when older characterized by very narrow 
sapwoo(i: c.r/., catalpa and sweet-chesttuit with 1—2 zones of 
sapwood, larch 1 — 2 c.m. of sapwood, so some oaks, yew, mul- 
berry, robinia ; 10 c.m. and over, pines, hickory, elms, ash, etc. 
It should also be noted that rapidity of growth is influential 
on the ratio of sapwood to heart wood, in favour of the 
former. 

* [There are many ironwoods from various countries and of various colours. 
The Indian kinds are chiefly Jlardunckui binata and Pynrjndo (^Xylia (Join- 
hriformu\ dark red and dark brown in colour.— Tr.] 

+ [Mayr states that jUpalafhufi Kbenun is dark olive-erdoured, but tins 
s|)eciea appears to be a synonym of cocu8-w<sk1 {Jinja Kbmus). - ’Vv.] 
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2. Lustre. 

All woods can be rendered lustrous by polishing, but natural 
lustre renders certain woods, such as satinwood, commercially 
v^aluable. The radial section is the best for exhibiting lustre, 
as it shows the widest sections of the medullary rays (silver- 
grain), as in oaks, planes, beech, etc. The woods of the sweet- 
chestnut, ash and hornbeam, have no silver-grain. Maple- 
woods have a silky lustre on the radial section, and coniferous 
woods approach them in this respect. There is no lustre in 
the wood of any species of Pirns, 

3. Scent 

Tannins, fatty oils and ethereal oils act as bearers of scent 
in wood ; by boiling woods slowly the scents are isolated, the 
more rapid the boiling, the more scent comes off with the 
water-vapour, while by heating and drying cither in the air 
or artificially, the exhalation of scents is favoured. But after 
as much of the water as possible has been evaporated, the 
scent still continues, until in time the wood becomes scentless. 
Even in old pieces of wood, by cutting and exposure of fresh 
parts, the typical scent is again emitted. 

All species of wood possess a characteristic scent by which 
the genera and species may be identified, but a description of 
their scents can be attempted only ])y comparing them to 
well-known scents, c.y., the tannin -like scent of oak wood, 
the turpentine scent of conifers; the varieties of scent 
of turpentine characteristic for different species cannot be 
described. Excluding conifers, the turpentine and resin of 
which 18 of commercial importance, the woods of La^uraceae 
(bay-tree) and the camphor trees (Cinnamonium Camphora of 
Japan), also Dryobalanops Camphora, a dipterocarp from 
bumatra, are rich in agreeably- scented oil and yield commer- 
cia camphor. Camphora fjlandnliferum from Assam is also 

1 y scented with camphor. Sandalwood oil is valu- 
able. All wood-scents are obtainable by distillation, but 
usually m such small quantities as to be of no commercial 
luiportance. 

Kvery wood loses its typical scent when it is attacked by 



48 


PROPERTIES OP WOOD. 


fungi, hence the natural scent of a wood is a proof of its 
soundness ; when decay sets in, the odour given off is either 
very disagreeable, or the opposite. 

The scent of certain woods renders them commercially 
valuable, especially as a strong scent keeps off insects and 
renders the timber more durable. Pencil -cedar wood (J?m- 
perus virffiniana, J. hermudiana and J, chinensi<i\ owing to its 
pleasant scent and fine grain, is preferred for pencils. Cedrela- 
wood from Cuba and Central America is used for cigar-boxes 
on account of its fine scent and lightness. Indian sandalwood 
{Santalum album) preserves its strong, agreeable scent for years. 
Violet- wood cor fa honwlophplla, from Eastern Australia), 
when used for parquet- flooring, as in the castle of Herren- 
chiensee, emits a fine violet-scent. 

Teak, olive wood, pulley- wood {Guaiacum), and iS'am- 

Imcus emit a strong odour of caoutchouc. Some woods, such as 
freshly cut stink wood from South Africa (Ocotea hullata), have 
a disgusting odour. Mathey adds that of Gnstavia tetrapetala 
from Guiana. 


4. Jlardnrss. ■ 

As wood is not homogeneous, it offers a resistance to its 
penetration by tools, that differs according to the direction of 
the penetrating force. Hence its hardness depends on the 
following ; — 

1. Direction of the force. — The greatest resistance is: 
offered to forces acting across the wood -fibres ; the least 
resistance is along the fibres and also in the planes of the 
medullary ray.s, that is in the radial direction, so that wood 
is most easily split radially. 

2. Use of implements.— Nails, knives, axes, saws, augers, 
planes, etc., act so differently that the same wood exhibits 
various degress of hardness to the different implements. It is 
however true that hard wood is always more difficult to deal 
with than soft wood. 

3. The degree of wetness of the wood. — All woods have 
greater tenacity and looser texture when they are wet. In 
hard woods, this looseness of texture is more important than 
the tenacity produced by wetting, so.tjiat hard woods are more, 
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easily worked wet than when dry. In soft woods, especially 
those of broadleaved trees, the wetting ncr eases the tenacity 
more than the looseness of texture, so that they are easier to 
work dry than wet. 

4. Specific weight. — This is a measure of the mass of 
wood in a given volume, so that wood of high specific weight 
is hard. The future discussion of specific weight therefore 
applies also to the hardness of wood, 

5. Parts of a tree. —Hardness here corresponds with 
specific weight. The softest wood is root- wood; then the 
western and eastern sides of the bole; stump-wood; the 
upper side of the branches ; the lower side of the branches, 
which last is the hardest wood that a tree produces. Spring- 
wood is always softer than summer- wood, especially when 
the latter is particularly broad. A more detailed account of 
this question will be given hereafter (p. 54). 

6. Coherence, owing to the union of the cells and of the 
materials that form their walls. — Differences in coherence, in 
spite of a similar specific weight in the woods, cause a consider- 
able difference in the resistance offered by them to implements. 

7. Presence of substances other than water. — If water, 
which softens it, has left the cell-wall, and another material, 
such as resin or any impregnating substance, has replaced it, 
the wood becomes harder. Thus highly resinous wood, such 
as the knots of conifers, is extremely hard. 

8. Temperature. — Frozen wood is much harder than 
unfrozen wood. The slipping aside of wedge and axe in work- 
ing frozen wood cannot be explained in accordance with the 
prevalent theory, if, when wood is frozen, water is driven from 
the cell- wall. 

Owing to the connection between hardness and specific 
weight, more detailed data will be given under the latter head- 
ing. Here the following scale of hardness is suggested : 

Very hard, hard as a bone. — Pulley-wood, ebony, ironwood. 

Hard. — Box, pitch-pine, hickory, barberry, hornbeam, oak, 
robinia, field-maple, mahogany, ash, beech, sweet- chestnut. 

Fairly hard. — Walnut, pear- and apple- wood, elm, larch, 
yew, cherry-wood, birch. 

Rather soft. — Alder, horse-chestnut. 
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Soft. — Pine, spruce, silver-fir, Ceihrlay cypress, lime. 

Very soft, — Weymouth pine, ^villow, poplar, Panlowma, 
Cunjiinghamia, ])omha.r, Leitni^ria Floridana (cork- wood from 
Florida, used for floats for fishing-nets). 

Soft as cork. — Flerm'uuentj from the U 2 )per Nile. [Indian 
solah, generally termed pith, but really the >YOod oi Aeschg- 
iiomcne aspera, which grows in marshes ; it is used for hats, 
fishing-floats, etc. — Tr.] 


5. Specific weicjht. 


A high specific weight in wood is not necessarily a desideratum. 
On financial grounds, when light w’ood offers the same ad van 
tages as heavy wood, the lighter w’Ood is preferred, ^^"ood of 
a high sp. weight is valuable on account of the other proper- 
ties that this more or less involves, chieHy hardness and 

caloric power. As the sp. weight of a piece of wood, of 

which r is the volume and IF the weight, is very easily and 
exactly determined from its ahsolute weight and volume, for 
more than a century the determimition of the sp. weiglit of 
woods has offered a favourite held for investigation. Nearly 
all investigators, from Duhainel to those of tlie present time, 
liave decided that the excellence of wood depends on it.s 
specific weight. Kdnig, llartig, and his scholars, liertog. 
Eichhorn, Omeis and Schneider, have considered the terni 
heavy, when applied to wood, as identical with good, from 
every point of view. Nurd linger, Bauschinger, Schwappach, 
Fernow, Both and Janka, whose works on the strength of 
wood will be discussed further on, refer to excellencies depen 
dent on high sp. weight. Other authors, such as Tetmajer 
and II. Mayr, regard sp. weight as only one of the factors in 
adjudging the strength of species of wood. If it were possible 
to exclude other factors which affect the strength of wood and 
often alter it in a way that does not correspond to variations 
ill sp. weiglit, the latter might be Ibe best factor in tint 
question. But this is impossible, so that the prediction of 
the strength of a wood from its sp. weight is not more trust- 
worthy than weatlier-forecasts based on atmospheric pnsssure 
only, Agriculture cannot be directed by the rise and 
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fall of the barometric column, neither can silviculture nor 
wood industries be based on tlie sp. weight of wood. 

Specific weight is the ratio of the weight of a given volume 
of any substance to that of the same volume of water, so that 
if the sp. weight of water be 100, woods with a sp. weight over 
100 will sink in water, and those in which it i.s under 100 will 
Hoat in water. 

According to Sachs, the cell-walls of wood have a sp 
weight of 156. Hartig * found this to bo true for most woods’ 
e.specially for oak, beech, bird), and spruce, and showed that 
there i.s no difference in this respect between the cell-walls of 
sapwood and heartwood. As in tlie tissues of wood there are 
innumerable air-bearing, closed lumiiia, it is evident that, "in 
spite of the high sp. weight of the cell-wall, the sp, weiriit of 
wood is so low, that most rvoods float in water. 

The epeciflo weight of green wood is that of' the standing or 
recently felled tree, hut as the volume of water varies in stand 
mg trees, and water begins to evaporate from felled trees ns .soon 
as they are felled, the weight of green wood is very variable 
As water ascend, s chietly in the last-forme, I layers of sapwood’ 
Hint rs l .o wettest part of a tree an.l usually heavier thau 
water, wdh winch its lumina are full. The ne.xt outer layers 
of sapwood are also wetter ami heavier thau its inner layers 
Ileartwoo,! u. a green state is always lighter thau sapwood 
even when, as in broadleaved trees, it is very wet. The heart’ 
wood of freshly felled conifers is always much lighter than their 

Fifir™’. T/' “'6 ’alter. 

y lei cent, of the wev^ht of sapwood is tliat of the con- 
amcd water, while coniferous heartwood contains only 15 per 

he'! r?' proportion of 

«holc .stem decreases m weight as it becomes older. When it 
IS as.siuned that there is 45 per cent, of water in green wood 
'• account is taken of the above fact, nor of the variation in’ 
wetness of the sapwood at different seasons in a year 
.. artig (op.,.,-,) lias studied the' seasonal variations of 
• Ml wood, hut the results he lias arrived at arc not given 



52 


PROPERTIES OF WOOD, 


here, as he did not consider the influence of the weather at 
the time of his observations, nor the degree of moisture of 
the soil, individual variations, etc. H. Mayr’s observations * 
show that the degree of wetness of the sap wood depends on 
the relative atmospheric humidity, which varies day and night ; 
also on the weather, for after rain the stem may become 
gorged with water, and drier after a period of drought. Hence 
during any luontli tlie so-called maximum volume of water 
in a tree may he diminished ; it varies also with tlie nature 
of the soil and in individual trees. 

Wlien felled stems lie in the forest with or witliout bark, 
their wetness varies according to the relative air-humidity or 
the raininess or dryness of the weather. Evaporation, how- 
ever, on the whole, preponderates over higij relative humidity 
or wet weather. After a stem has laiii for some time in the 
forest, its sp. weight is that of forest-dry wood; this is 
less constant than its green weight or air-dry weight, but is 
always intermediate between them. In logs and firewood the 
upper parts approach air-dry wood in weight, those parts on 
the damp ground, that of green wood. AVood that is felled in 
winter and brought out of the forest at tlie begimiing of spring 
weighs nearly as much as green wood : only split firewood 
shows any appreciable reduction in weight. The weight ot 
green and forest- dry wood is of practical importance in wood- 
transport. 

Wood becomes air-dry, or seasoned, only a long time after 
the felling, and the more rapidly tlie more the wood has been 
subdivided. Balks and thick planks must be kept for years 
and protected from rain or from resting on the ground before 
they become air-dry. Air- dry wood still contains 10 — 15 
per cent, of its weight, in water. This is held firmly by 
adhesion in the cell-walls, and its mass fluctuates with the 
relative atmospheric humidity ; hence in order to expel it 
artificial heating to 100 — 110"'^ C. is re(piired, at which 
temperature all the water passes into steam. In this way 
the absolutely dry weight of wood is determined. This weight 
has a scientific value only, in comparing the weights of woods 

• H, May r, ‘‘ Ulx;r den forstliehen Well d(;i' pcgciiwiii'tij^ llblicheii MeOiotb i' 
zur Beslirnmung dcr Qualitiit dei iliilzej ,'’ 18«y. 
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from which that most intrusive factor water has been 
eliminated. 

If dry or green wood is placed in water, it at once absorbs 
more water, till finally all the air-spaces in the wood are full. 
Its weight then is that of saturated wood, which has always 
a higher sp. weight than water (100), but lower than 
that of the cell- walls (156). Saturated wood always sinks, 
and wood that has been floated too long approaches in weight 
that of saturated wood. As water is a possible factor in 
nearly all wood industries, air-dry wood is always in demand, 
though it is well known tliat much unseasoned wood is 
used fraudulently. Even wood that has become seasoned 
after being kept for years in a dry place is a material contain- 
ing a variable amount of water, for wood is hygroscopic, and 
its degree of wetness varies with the moisture of the atmo- 
sphere. 

Air-dry wood when utilized varies in weight — 

(1) With the relative atmospheric humidity ; 

(2) With the age of the tree. 

Ifl 1861 Kbnig stated that the wood of all trees becomes 
lighter as they become older, and his statement has been con- 
firmed by more recent investigations. The younger a tree and 
the shorter the felling rotation owing to a favourable soil and 
a warm locality, the heavier is tlie wood, but Mayr has 
often {op. cit.) remarked on the small importance attached in 
forestry to the sp. weight of wood. 

(3) According to the parts of a tree. 

Hoots liave the liglitesfc wood, and the wood of the upper 
parts of roots is lighter than that wliich lies below, while the 
thinner the roots the lighter they are. Then comes the bole, 
the western side of it being lighter than its eastern part. 
Woodmen term the eastern side of a tree its hard side, for 
they know this fact by experience. ^Yood from tlie crown is 
somewhat heavier than wood from the bole, but heavier and 
harder wood is on the eastern side of the stump ; branch- 
wood is still heavier and Imrder, especially on the under-side 
of branches. 
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(4) According to the breadth of the annual zones and 
the ratio of spring-wood to summer-wood within an 
annual zone. 

It is well Ivnown that summer- wood is heavier than spring- 
wood. Foresters, builders, and manufacturers have always 
adjudged the hardness and weight of wood in accordance with 
the ratio of the amount of summer-wood to that of spring-wood. 
They have also considered tiie question of the widtli of the 
whole annual zone, wliicli 11. Hartig has recently shown to 
have no influence on the quality of a wood. Practical experi- 
ence lias decided that in hroadleaved woods, the wider the 
annual zones, the chief increase is in the harder and lieavier 
summer-wood, wliile in coniferous wood, when the zones 
become wider, the increase is chiefly in the spring-wood. 
Hence, in broadleavod woods wide zones, and in conifers 
narrow zones, imply heavy wood. 

H. ^fayr in 18 h 4, in a pamphlet on the wood of Douglas 
hr, was the lirst to puhlisli an account of exceptions to this 
law, which contrasts hroadleaved and coniferous woods in such 
a remark a l)le manner. He si lowed that, in spite of an increase 
in the breadth of the annual zones, no decrease in the sp. 
weight of the wood followed, hut that it even increased, 
liar tig, Cieslar, and others, proved this later for Douglas fir 
and other coniferous woods. It bus also liemi demonstraleil 
that in hroadleaved woods a lireadtli of zone of more than 
f) mm. results in a decrease in weight and luirdness, and that 
in coniferous woods there is a similar decrease when llio 
annual zone.s are less tlian 0'5 mm. broad. The oliservalions 
also show that woods with the same hreadlh of annual zones 
are sometimes lieavier and sonudiines lighter. These excep- 
tions to the law prove that another natural law exists liy which 
the effects of the former law may lie sometimes enhanced, 
sometimes diminished, and sometimes reversed. This naturnl 
law, enunciated by H. .^^ayr in 1890 ( ‘ Die Wuldungen von Nord- 
america”) owing to his own investigations and to the mass of 
indigenous and foreign wood then available, is as follows: 

Assuming identity of soil, the specific weight and hardness 
of wood decreases with distance from the optimum climate 
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of its production both towards cooler or warmer regions. 
It is indifferent whether the annual zones consequently 
increase or decrease in breadth, or whether the wood is 
broadleaved or coniferous. Within the natural habitat of 
any species of tree the centre of its habitat produces the 
heaviest and hardest wood. 

Every species of tree lives in a certain climatic region, 
although the habitat of the tree may show great ii-regulari- 
ties owing to marine currents or topographical features. Such 
irremilarities in the habitat of a tree, insular expansions on 
the one hand or insular exclusions on the other, might induce 
one to suppose tliat not the climate, but the soil, is decisive 
for the natural extension of the species. 

[Tljcre is a close relation between a tree's demands upon 
temperature and upon soil, (liven the proper temperature, it 
will grow wliere the soil is unfriendly ; and given the most 
congenial soil, it will grow wdierc the temperature is not ideal. 
The colder and wetter the soil, the better will a tree grow with 
a relatively high temperature; tlie drier and warmer the soil, 
the better it will grow witli a relatively low teniperature. 
TIuls on a northern slope the forester will often find it safe to 
plant trees whicli would not thrive on the southeni side of the 
saiii (3 mountain, because northern slopes are cooler and moister 
than soutliei'Ji ones, and tliis dilTerence may sufiice to effect a 
sliglit reduction in the average temperature of tl^e region. 
Tiiero is a wide variation among trees as to the range of tem- 
perature which they endure. J3ut it should not l)e inferred 
that only gcograpliical lines can Ijo drawn for the distribution 
of any species. The rigid temperature conditions may be 
found outside the geograpliical habitat at liiglier or lower 
altitudes. A .southern .species, whos(j liome is in life moun- 
tains, may find a second liome in the nortlicni latitudes of a 
level country, and a northern lowland species may thrive on 
mountains in the south,— Tr.] 

Mayr’s observations here (<7*. p. (50) do not include tlie soil 
as one factor in this natural extension, Imt regard the range of 
temperature and the distribution and amount of annual rainfall 
fis its most important factors. Hence arises the important fact 
for the cultivation of trees that there may be climatic regions 
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and climatic optima for a species even beyond its native 
liabitat, for the possibility of the natural bridging over of 
localities that are unfavourable for a species is much more 
difficult than is generally believed. It is false to affirm that, 
because a species thrives outside its native habitat, it is not 
dependent on a decided climatic region, and that it is useless 
to determine climatic regions as a natural basis for the culti- 
vation of all indigenous and exotic trees. But we must not 
overlook the fact that, in forestry, species can be cultivated 
outside their native habitat, if, although they may yield no 
fruit and no seed, they still produce valuable wood. In such 
cases, liowever, the species would disappear as soon as the 
liand of man is withheld [unless, like the English elm, they 
produce suckers. — Tr.]. 

With regard to the introduction of species of trees beyond 
their native habitat, for any species there are five imaginable 
climatic regions, three of them natural and two artificial. 


Natural 

habitat. 


Ill c. Artificial region cooler than the natural 
habitat, 

(II c. Region cooler than the optimum. 

I. The optimum. 

'll w. Region warmer than the optimum. 

Ill w. Artificial region warmer than the 
optimum. 


The law enunciated above may he expressed as follows; The 
sp. weight of every species of wood is gradually reduced from 
region I towards II c and II w, and towards III c and III w, 
whether its annual 7<ones are wider or narrower. 

The oak is the first example. Its habitat in Germany is 
usually II c. Only the warmest localities in Germany come 
under I ; these are districts where there are vineyards. By 
experimental plantations oak is often grown in III c, while 1 
and II w are in the south and south-east of Germany, and 
III w in Southern Europe. As in the first half of the rota- 
tion of all species of trees, equality of soil and sufficient 
moisture being presupposed, the lireadth of the annual zones 
increases with the climatic temperature, we find a general 
increase in the breadth of annual zones of oakwood from 
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III c to II c, I, II w, and III w. What is, however, the 
resulting sp. weight of the wood? In II c, e.g., the 
Spessart, the air-dry sp. weight is 50, while as we approach 
the warmer climate in I the annual zones become broader 
and the sp. weight of the wood increases, until in I an 
average sp. weight of 74 for air-dry oakwood is attained. 
This follows the old law, the wider the annual zones, the 
heavier the wood. If we weigh oakwood grown in II w or in 
III w, although actual figures are wanting, we know that the 
very broad-zoned wood is soft and spongy and therefore lighter 
in weight than wood from L* 

The larch for more than a century has been planted outside 
its native habitat, the Alps and Carpathians (its zones 

I and II w); in warmer localities, III w, and as far as Denmark 
and Scotland [In Scotland the climate probably approaches 

II w.— Tr.]. Its rapid growth in most of these countries and 
the great width of its annual zones, when compared wuth 
mountain larch wood, are well known, as well as the fact that 
its sp. weight down to 45 is much lower than in its native 
habitat I, where the sp, weight may be as higli as 80. If we 
proceed upwards from the plains, the old law for conifers holds 
good that as the annual zones become narrower the sp. 
weight increases, and as they become broader the weight 
is reduced. But on considering the uppermost and coolest 
station of larch, II c, it appears that the very narrow- 
zoned larchwood agaiji becomes lighter than that from I, 
while its sp. weight falls to 55.t There is little practical 
experience of larchwood from the higliest regions, or it would 
he found opposed to the old law that conifers become heavier 
the narrower their annual zones. 

The spruce also conforms to the new law, for its w’ood in 
the long wide regions I, and II w possesses an average sp. 
weight of 45, whilst the broad-zoned spruce wood grown in 

[In England, the hardest and heaviest oakwoofl is produce<i in Kent. Sussex, 
■»!( lEampshire, as well as in Herefordshire and its adjoining counties. These 
jire the hottest counties in tlie British Isles, and prcsutnably correspond to I 
or oak. The best larchwood is produced in Scotland. A stiuly of the 
wparative sp. weight and of the width of the annual zones of aikwood 

larchwood in different parts of the British Isles would be very useful. - 

t -I. VVessely, » Die ostcrreichischen Alpcnhinder ii. ihre Forsten.” 1853 . 
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warmei’ Germany, region III w, has an average sp. weight 
of between B8 and 41. The region II c — the uppermost 
s])ruce region, above wliicJi (III c) its cultivation becomes: 
jnijiossib/e, as tbe top of II c is the upper mountain limit of 
tree growtli — is characterised by the production of narrow- 
ringed “ resonance ” wood (used for violins and other stringed 
instruments), which has also a low sp. weight, as low as 40 
and averaging 42, 

Thus Mayr’s law explains the exceptions to the above prac- 
tical laws regarding coniferous and broadleaved woods, which 
are no exceptions to the greater natural law that is here 
enunciated. 

This law* that the sp. weight of woods is diminished when 
tliey are produced beyond the optiinuui climatic region of tlie 
species of tree is especially interesting to those who main- 
tain that the strength of timber is dependent on the sp. 
weight of wood. Schwappach (18! 17) is one of these, and 
states that the transverse strength of timl)(;r diminishes as a 
tree grows heyond its optimum region, which is only an asser- 
tion of this law. Ilartig states, that in heechwood neither the 
breadth of the annual zones nor the climate exercises any 
influence over its sp. weight, wliich depends solely on the age <>{ 
the tree; tliat in coniferous woods the sp. weight increases as 
long as the annual increment is increasing and diminishes 
when the latter decreases. 

(5) Tlie tending of a crop of trees must inlluence the si', 
weight of the wood, for cleanings, Ihinnings, and a free posi- 
tion of a tree are merely alterations in the environment of 
trees as regards light and heat. In a densi', wood dominated 
trees suffer from a deprivation of both liglii and heat. Giviii^ 
a tree a free position removes it, as it were, from a cooler to a 
warmer climate, while for a suppressed tree these condition^ 
are reversed. Hence, by thinning, the o]>timum climate for 
oak may be approximated to or receded from in the case of 
spruce. tSpriice, for instance, grown in 11 w or 111 w, when 
HUppre.ssed has, it is well known, heavier wood, while suppressed 
oak grown in II c or 111 c lias lighter wood. 

(6) The specific weight varies with genera, species, or indi- 
vidual trees. As regards genera, woods that are produced 
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naturally in the warmer climates are, on tlie whole, heavier 
than those from cooler regions, cjf,, heavy tropical iron woods 
when compared with Euroj)ean oakwood. However, it mvmb 
not he ignored that some tropical woods are extremely low in 
the scale of sp. weight- The variations in the weight of woods 
of the same genus, hut of different species and heat require- 
ments, are less decided. Europe is so poor in species of the 
same genus of trees, as to afford few examples of this. In 
North America, the ivhite oak when grown in the more southern 
States has an average sp. weight of 8!), tlie black oak that of 
73; the same oaks when grown in northern States have sji. 
weigiits of 77 and 70 respectively.^ So far as our experience 
goes, however, ditfen'iit species of a genus that have identical 
lioat re(iuireineiiis, or are cultivated iji similar climatic regions, 
do not pi'oduce wood dillering in sp. weight or in other quali- 
ties. On the contrary, it appears that nearly related species 
of tieos, e.q., Sitka and Norway springe, Nordmanii s and our 
own silverdir, the white .Vunnlciui and our sessile oak, sugar- 
maple ajid sycamore, etc., }) rod nee cipially heavy wood, if 
grown under conditions that produce lieavy wood for the 
genus in Euroi)e, or equally light wood wlien under opposite 
conditions. 

Attention is here directed to some common errors made in 
cnnq)ariiig exotic and indigenous plants. Equally favourable 
conditions of soil and climate should be presupposed. 

I'.xolic tamilers wlicn introduced into European lowlands 
should not lie coiujmrod as regards the (piality of tlieir wood 
with our own conifers gi-owii in I, hut with them when grown 
also in the lowlands. Thus Japanese larch planted in our 
lowlands slionld be compared with lowland and not mountain 
European larch. 

As an instaiict^ of a second error, We v mouth pinewood was 
formerly considered the best piiunvood of North America, 
hecaiise it afTordtal the longest, strongest, and most work- 


lunewood from the earlier settlements in the north-east 
of America. In Europe there aia^ many better conifers, so 
tlial the American preference for it counts for notliing with us. 
ilk! Americans liave misjudged similarly tlie quality of the 


* (Vnsus Uepovi of tlio I'liitoil Stales, ISlKi. 
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wood of other pines, which they compared with that of the 
Weymouth pine, such as P. resinosaf P, divaricata {Banksiana\ 
P. ngida, P. ponderosa; we should not accept their judg- 
ment blindly, as it can be proved from mature Europe-grown 
wood only of these species, which can then be compared 
commercially with our own pinewood. 

^ A third error arises from comparing the wood of young and 
old trees of the same indigenous or exotic species. Young 
conifers, e.g., Weymouth pine, necessarily contain poor wood, 
for either they have no heartwood or very little in proportion 
to their sapwood, while their lower branches have not fallen, 
or their knots are covered with a few zones of wood only. The 
older the Weymouth pine is, when grown in Germany, the 
more favourable are the opinions held about the quality of its 
wood. It is this opinion, and not that of Americans, that is 
decisive for us, 

(7) The soil under similar climatic conditions greatly 
affects the width of the annual zones and the weight of wood. 
Hartig has, however, stated that soil has no influence on 
beechwood, but that the best soil produces the heaviest spruce- 
wood.* It is certain that every species of tree finds the most 
favourable conditions for its growth on the best soil. It 
strives to form a large crown and a tall bole, so as to ensure 
its fructification. In forestry, however, the vegetative part of 
the tree, the bole, is more valuable than the fructification, 
and should be as free from knots, as rich in heartwood, and as 
cylindrical as possible. These requirements are not secured 
always on the absolutely best soil Such is a well-manured 
garden soil, and wood grown on such a soil is branchy, broad- 
ringed, and may suffer from red-rot. Also on very poor, dry 
soil wood growls slowly, with narrow zones, and is less heavy 
than wood produced on moist, loamy sand or sandy loam. 
Hence for every species there is a soil optimum that yields 
the heaviest wood, climatic conditions being equal, and soils 
richer or poorer in nitrogen than the optimum yield wood of 
lower sp. weight. 

(8) When sapwood passes into coloured heartwood, the 

* R. Hartig, “Ban u. Gewicht des Fichtenholz.” Forstliche Naturw. 2eit* 
schrift VII. 1898. 
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deeper the colour, the heavier the wood. It is very difficult to 
decide how far the sp. weight is thus affected, as individual 
variations and the natural falling off in weight from the inner 
zones of the wood outwards complicate the question. Hartig 
states that the colouring matter in oakwood raises its dry 
weight 6 per cent. Woods, the cell-lumina of which are 
filled with colouring matter, such as tropical dye-woods and 
artificially injected wood, are considerably heavier than light- 
coloured wood.^ 

(9) Resin increases the weight of conifers. According to 
^[ayr,t when sap wood passes into heartwood there is a gradual 
change from liquid turpentine into solid, heavy rosin. It is 
not true that new formations of resin occur in old wood 
parts. The absolute quantity of It remains constant ; only its 
form alters ; the turpentine becomes oxidised and concentrated 
only. The increase in weight is greatest in species that con- 
^ tain the most turpentine, e.g., Weymouth pine, Scots pine, 
spruce, and, least of all, silver-lir. The stump is heaviest, not 
only because its wood has thick walls, but because it contains 
the most resin. When resin formation begins {ride “ Defects 
■in Wood”), and the cell-walls dry, a very remarkable increase 
in weight follows (resin-galls, hard knots). 

(10) Abnormal tissues in woods usually increase their 
weight, hut their strength is thus greatly injured. Occluded 
woods, burrs or excrescences in wood, and contorted fibres are 
usually heavier, but not therefore better than normal wood. 
Among these may be reckoned the abnormally hard wood 
which all our conifers produce on the lower side of branches, 
at bends in the stem, on the rootstock, and on the eastern side 
.of stems, that woodmen name hard, or red, wood {cf. “ Defects 
in Wood ”). 

. (11) Organic and inorganic salts, that are partly soluble in 

[ '”ater, contribute appreciably in the formation of sapwood. 
ueh are sugar, albumen, gums, etc. In heartwood they have 
0 sensible influence on the weight of wood. Floating wood 

[The black wood of ebouj weighs 7i) — SO lbs,, and its sapwood only 
oO lbs., per cubic foot, the extra weight being due to a coloured substance 
liit nils the lutnina till the structure is scarcely discernible by a micro- 
ope.— Tr.] 

1 H. Mayr, “ Das Holz dcr I^adelbblzer.” 1891, 
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in rivers involves ii partial altsorptioii of the.s<‘ salts from the 
sapwootl by the water, so that tlie wei^^lit of tlie wood is 
retluced. Wood* merchants say that tills loss is slight, but 
detailed investigation is wanting, it is evid(‘nt that injection 
with preservative substances imisi increase llie weight of woml 
Still less investigated is the share of ash-constituenta in 
the weight of wood, hut at any rate it is inconsiderable. In 
hroadleaved and coniferous wood, as soon !is the annual zone 
is completed, tliere is no further addition of ash*conslitiu*nts.* 
In palms and hamhoos, the wood of winch is intermediate In 
exogenous wood and iiark, there is a change in the mineral 
constituents during the whole life of tlu' Thus the 

quantity of silica steadily iiicreaM s, so that the >p. weiglit 
is considerably increased. According to Koide, the sp. 
weiglit of tile ifacliiku hiunhoo i /Vo/// jtnli4 ) ulu) is in 
the first year lOD. in the filtli vear ll;h in llie eighth llH, 
hut after the eighth year it steadily diiniiiislies with the age 
of the hamhoo. This law is true for all bamboos. ‘ 

A knowledge of the s[i. wei.:hN ut v wood is nt 

radical importance as regards tran>poi t fi .>iu fnn .sts. It i>. 
however, very variable, llnlnnerli; and \ iillejii-. have detei 
mined these weights ;i> tnlleu-. in k tln- iMiO'' per eiilpie meter. 
>oliil nr slacked, and tin y are .iho n m puiind'> aVniriln|Miiv 
per cui>ic foot. 


Oak, JIkkpm,' H.uiNanvM,' .\>n, Svp wnnn;. Ki.m. 

I ht; Weights nf here li and norn(»e;tni coi <1 wopmI ai'e giv'eii in tli' 
^eta/iid (voluiiiM in im tiie and I'.ngiish weights and iiieusure-. 
A. 
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Birch, Asrkn, Sfruck, Scots Pink, Silvkk>fik, Larch, 
JiLA<'K Pink. 

The weiglits of silver-lir and black pine cord wood are given 
in the second coliunii : 



Kilfin. 
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1' 

Riiiiii'I .« I7o ... 

7>o ... 



sitiiiip „ ;i:<M ... 
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These weights, according to Baur,^ 

are as follows for 

stacked 

\v<K>d : 
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In (n rijiaiiv, fnr ta\alion i>nr]i*>se.‘'. oin- sdid cubic nu tvr (d 
\\ni)d is nckoiicd at (KK) kilos. i;i (’ul*ic nirho' —d.Vl cubic 
Let, and 1 kilo. — 2'‘J Ibs.K In (lennun railwav -li‘ans|Hiri a 
'•iil'ic meter of hardwood is con^idereil to weigh HHM kilos. 
:t!id of soflwooil, kil(>s. 

Tile following li.'tl (d the air-drv uinl fon^st-dry sp. weight.s 
of Wfjod lias been prepaiiMl from <laia stippliisl liy Nurdlinger, 
t iievumlier, v. Bmir, Buhler, Kannarcli, v. I'^xiier, v, Scs-ken- 
d'li’f, Mrdler, Hartig. .Mohr, Sargent, Kto’now, Sclnvajipach, as 
Weil as by llie authors of the present iMK>k. It is Well known 
tlial g(jnd average I'lgiires may dilTi-r from the aetual weights 
when ilie maximum and minimum Wf ightsof the same s|h oies 
also <lifTer considerably ; this is es|H^ciaIly the ra.se in forest* 
drv Wfutd^ where incorrectness depends more on the amount of 
"apwiKid and IieurtwiMHl in the s|>ecimen than on the water it 
t*!* V, Riuir, “ 1 1^‘r (iew n'lit, \ ii. \V^*M'rv.rln If (It*' 
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contains. Maximum weights of forest-dry wood imply chiefly 
sapwood, while minimum weights occur when the specimen 
is chiefly heartwood. Hence the maximum forest-dry weights 
of all species of wood vary between 100 and 130, and their 
minimum forest-dry weights between 40 and 100. In air- 
dry w’eights, the disturbing factor, water, if not excluded 
entirely, is kept so far in the background that sapwood and 
heartwood contain equal volumes of water. In air-dry wood, 
therefore, the average figures given are very approximately 
correct, the highest sp. w^eights of the same species varying 
between 55 and 1)5, and the lowest between 35 and 80. 

The woods are grouped according to their average air-dry 
weights, those with sp. weight of 80 and over being classed 
as very heavy, from 70 to 80 as heavy, from 55 to 70 as 
moderately heavy, from 40 to 55 as light, and those under 
40 as \»ery light. Wherever this can be done with any pre- 
cision the sp. weight of 'forest-dry wood is also given. The 
weight of a cubic meter of tbe wood or of a stacked cubic 
meter {Haiim meter or stere) can be calculated by multiplying 
the figures by 10 or 7 ‘7 respectively. [As a cubic foot of 
water weighs 1,000 oz. = 6*2^ lbs., the weight of a solid cubic 
foot of wood may be calculated from its sp. weight by 
multiplying it by *025, and for a stacked cubic foot by •471- 
American board-measure is in square feet of one-inch planking, 
and is thus twelve times its volume iii cubic feet. — Tr.] 
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6 . Coltrirnrr. 

(oliercncc is tlu^ force' Mmt keeps ihv constiincnts of 
nnittd ; it is nieiisured by tlio iTsistance ofTerod liy \\;ooi] to 
shearing stniins ami to a separation of tiie ci'lls, tissues, 
or annual zones. Tet major states tlnii the colierenco of 
wood may lie measured hy Uio amount of deformation 
exliilutod in testing its slrongth and hy tiie force applied. 
Us iiilluence is here apparently greater than that of specilic 
'Veiglit, to which coherence is not -proportional. Whenever 
wood is utilized its coherence comes into play, hut tliere are 
J'o exact observations of this quality in woods of dilTcrent 
species. 



66 


PROPERTIES OF WOOO. 


7. Hygroscopicity, 

The hygroseopicity of a wood is its reaction to water and 
water- vapour. If absolutely dry wood is placed in contact 
with air saturated with water-vapour, as an organised body, 
the walls of its tissues gradually absorb so much moisture 
that the wood becomes saturated. The weight of the woody 
tissue is then about 15 per cent, more than its absolutely dry 
weight. If the wood is in air with a relative humidity 
of 50, it absorbs gradually only 50 per cent, of the 
water that it could absorb in saturated air, viz., about 7 to 
8 per cent, of its own weiglit. The absorption of the walls 
of woody tissue is therefore proportional to the relative 
humidity of air, allowing a sullicient time for the action of tlie 
atmospheric moisture. Water can l)e deiwsited only in drops 
in the cell-Iumina, which are completely surrounded by ligneous 
walls, if the temperature of tlie air inside the cells is cooled 
down almost to the dew-point owing to the cooling of the 
external air; as the temperature rises, water disiippears again 
from the luraina. The water, which persists in the wood for 
some time at least, at all temperatures, is eitlier the remains of 
the original water in the growing tree or has entered the 
wood after contact with water, so that tlie air from the cell- 
lumina is gradually replaced l)y water aji<l the wood then 
becomes saturated. 

In wood-iudustries, the importance of the saturation of wood 
by water is not due to any eonHe(p]ent increase in weight, liut 
becaiise wet wood is more acces-silde to fungi; also l)ecaus(“ 
in many other technical qualities, such as transverse or 
strength and combustibility, it becomes deteriorated and that 
its shape alters as its contained moisture varies. The conse- 
quent increase in volume of wet wootl is termed swelling, 
wliile a decrease in volume of drying wood is termed shrinking, 
both these actions being included in the word warping. 
iShrinkiiig is often accompanied by cracks, wbicli cause 
further deterioration in the quality of the wood. 

As already stated, absolufcrdy dry wood may absorb water 
from saturated air till it has increased 16 per cent, in weight, 
when tlie ce)l-wal)s are saturat.od. The expansion in volume 
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is, however, not thus completed. It bus been shown by 
observations, including); those of Mayr, that when wood 
remains lyiiiR for a lon^; time in water a siill further expan- 
sion results, until tlie wood is completely saturated. If we 
term the volume of wood the cell- walls of which are saturated 
with \vater, such as the sap wood and heart wood of a freshly- 
felled tree, the volume of green wood, tlieii this increased 
volume may be described as the saturated volume. 

Wood 'tissue (or some time in contact with air with a rela- 
tive humidity of 50 per cent, swells up to a condition which is 
lialf the s\velling resulting from contact with saturated air 
(relative Inimidity 100). However variable the a))soliite amount 
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n Sr<*ii(>nuf tlie t'rll-walUfn alis*iliifclv »1it. funtK'.l nf invi'rlLu witliinit 
spuccs. h Tin* satiK‘. in aii willi n-Iativi* Innniilitv tiir 
iiacriiuHliatc iH'hviMii tli(‘ myi‘«lia' tilK'il wifli wali'r, c '['lie sainc 

in satnratnl air, nr as ^rcni woint, Riliii-alril vviili wat*T. 

of swelling may ho in di tie rent sptvies of wood, in all woods 
the amount of swelling or shrinking is proportional to the 
increase or decrease in the relative atmospheric humidity. 
The best and most natural way to iinderstand tlie processes 
of swelling and shrinking is to consider the cell -wall as com- 
posed of niycelhe ; when it is absolutely dry, adjoining 
mycelln?, wdiich though invisible must have a iirismatic or 
cubical shajw, have no spaces between Ihoin (Fig. 211 o). 

If such a piece of cell* wall sliould come iti contact with 
nioist air or with water, the water forces its way betw 4 ‘en the 
luycelbr, forming interstices, until the wall swells so as to 
correspond to its saiurated volume. Fig. 2115 shows (his 
^idnvation up to 50 jKjr cent., 21) c., with saturated air. The 
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shrink nip; of drying wood shows the reverse process, as the 
water of inhibition gradually leaves the cell- wall. 

If wood were thoroughly honiogeneotiR, as is a wedge of 
clay or cement, it would stretch or contract equably on all 
sides; as it is composed of elongated organs, which alter their 
shape iniicli less along their longer axis than radially or tangen- 
tially, tlie alteration in the whole piece of wood is unequal in 
different directions. It has been proved that in passing from its 
green volume to its air-dry volume the length of a wooden rod 


sliriiiks on the average hy 0*: 
a 



// — h I'liilik flniii tin* fi'iitic ( f tin; 

wirli :l SiTtinii ni-tul\' 
laditil. r— llatiks u itii iii'tli- 
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radius of ilie stem, the less 
Tlie,fa(d tliat, in spite of 


. per cent, of its original length, 
whilst in the radial direction, 
along tiie medullary rays, the 
shrinking is from 3 to o per 
cent., and in the tangential 
direction, tangential to those of 
t]i(‘ annual rings, b to 1.5 piT 
cent. The greater contraction 
along the tangents may he 
studied on any freshly cut piece 
of wood, as it causes the wood 
to crack perpendicularly to tin' 
direction of shrinking, that is 
radially. The effect of une(]ual 
shrinking is S])eci;Ll!y noticeaiilr 
in planks; tlie more tangen- 
tially they are cut the mom 
they contract in widtli, hut lie- 
nearer llu* sectionH are to the 
tlie shrink ai-e (Fia. ;)0). 
the saturation of cell- walls witii 


water, if the amount of wuhrr in the eclblumina bo reduced 
lliere is a shrinkage in tlie walks of woo<l-tissue, is true abo 
for .standing trees. Kaiser and Friedrich, hy measuring trt'cs 
in daytime at the moment of greatest transpiration and at 
night when transpiration la arrested and the tissues are gorged 
with water, have shown that their diameters vary in width. 
Muyr's oljservations also show that the length of a treolluctuntes 
with its water-contents. 

Tlie amount of shrinkage depends on : 1, The water'Con- 
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tents at the beginninj^ and end of the drying. As regards the 
former, 6a2)WOod coiiUiiis more water at daybreak after a period 
of rainy weatljer, tliau at sunset, after dry weather. This varia- 
tion continues througliout the year, and is not confined to any 
season ; felling in summer or winter, therefore, alters the degree 
of wetness of wood and the conse(|uent shrinkage only according 
to the weather that prevails at the time of felling. It is there- 
fore indifferent as regards the sapwood whether wood is felled 
in dry weather during either summer or winter. Only the 
fact that a certain season is drier than another could render 
it more favoural)le for felling trees. 

TJie amount of shrinkage in green wood is the greater 
the more the wood dries ; it is greater from green wood to 
air-dry wood than from air-dry wood to wood that is ah.so- 
Iiitely dry. 

2 . A wood that is air-dry tloes not, tlieroforo, erase to warp, 
hut its volume still varies with tlie relative humhlity of the 
air. This fact is of great teehnical importance, for wooden 
objects made in tlie moister climatic regions, sucli as the 
British Isles, or Japan, when imported into drier countries 
invariably warp and may ])econje completely useless. It is 
only when llieyare prevented from drying, or becoming moist, 
under the op[)osite conditions of import from drier countries, 
that they tlo not warp. If tlioy are lacquered or varnished 
they will not warp. Similar results follow fur ail wooden 
olqects that have been made in wet weather (window-iitting.s, 
l)ictiiro-franie 8 , tables, flooring, etc.l. 

As heart wood is always drier tlian .sapwood, it shrinks 
less. Heart woo<l of conifers contains less water than that of 
hroadleavfid trees, so is more servict^ahle when it i.s necessary 
to use wood that has heeii recently felle<l. 

4 , The heavier a wood, the more it si] rinks when dried.* 
U. Ilartig f found that the hardcsst and heaviest coniferous 
Wood, at bends in the stems of trees lhal he and Cieslar 
tonned “ redwood,” shrinks less than normal wood. The 
following law, as stated by Ndrdlinger, is, however, correct: 
Brancliwood slirinks more than stem wood, the latter more 

* |ss<;, g. iss7, 

t Iv. IlrtrUg, ’* IluUuiitcijiuchtmjsrii, .Vl]e> ii. ' l!KM. 
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than rootwood, iincoioiired lieartwood more than the outer 
layers. 

Tliis reaction of sap wood and heart wood in spruce, silver- 
fir, hirch, beech and liornbeani, which have no normal colour- 
ing matter in their heartwood, is not contrary to 1, where 
sapwood is said to shrink more than heartwood. It is truly 
a case of the amount of slirinkage, after sapwood and heart- 
wood have attained a similar degree of moisture, namely their 
air-dry volume. 

5. AVhen lieartwood is coloured, as in oak, larcli, pines, etc., 
it shrinks nioro than the sapwood ; in rohiiiia (llartig) by 
8 i)er cent., in larch by 10 per cent. 

II. The contents of a wood in resin ulTects its shrinkage, for 
ill coniferous woods resin can penetrate tlie cell-walls only 
after tlnw liave [larted with their water. Hence only after a 
tree has been felled can the reduction of warping, owing to a 
deposit of n)sin, he noted. The more slowly coniferous wood 
is dried (Mayr) the greater the accumulation of hard rosin and 
the less the wood will warp. Species of wood that are naturally 
very resinous, therefore, shrink less than less resinous woods- 
Hence the wood of \\’eyuioutli pine Ou opposition to the law 
of greater .si i rink age in lieavier woods) shrinks less tliaii Scots 
pine wood, the latter less than s[)nice, ami that less than silver- 
fir, Pitcli-pine slirinks less tliaii Weymouth pine or Scots pine, 
and Itenco the preference given to pilch- pine wood. 

7. The washing-out of soluhle salts liy placing wood in 
water, according to Nurdlinger, lias no inllueiice, and 
(1). Her.sch) only a slight iidhierice on the Hhrinkage lin 
floiiting and rafting). 

H. The unc'jual changes in wood due to drying and wetting 
result not only in an alteration in its volume, hut als(» in 
warping (withdrawal of a piece of wood from its original plnne.s’. 
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The next stateineiit gives the shrinkage in total volunie in 
passing from green to air- dry wood in percentage of the 
volume of the green wood. Tlie figures in brackets (Weisbach) 
refer to the increase in volume of air-dry wood that has been 
placed in water for the space of a inontli. 
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[The percentages in the last tabular statement show how to 
calculate the reduction in volume, r.y,, of railway-sleepers, 
from the green volume of the wood to its volume when 
Titih?!al)le in an air-dry condition. This is very useful for 
Bleepers of somewhat doubtful dimensions, that would .shrink 
to perliaps a smaller size than that agreed to by a rail- 
'vay company, and might consequently he rejected. ♦ The 
^Rures in brackets are useful when tinil>er is floated, as it 

* MiUhcy ('it. 
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shows that Scots pine, which is more resinous than spruce or 
silver-hr, absorbs less water than either, and is therefore loss 
liable to s:ituration than tliey are. Siicli resinous wood, c.r;., 
of pines, larch, or deodar, will float longer and is less liable 
to sink than the wood of spruce, or silver-hr, 

Boppe’s “Technologie Forestmre’’ and MaUmy’s “Exploita- 
tion Conunerciale des Bois “ give some practical results about 
warping which are not given by Gayer, and form the subject 
of the next section. 



8. V rati tail <»/' ITarp/m/. 

Duliamel de Monceau split some scantlings and poles by 
two or three cuts in order to show' longitudinal sininkage, 
and as seen in Fig- 31, each split piece curves outwards. 

Tliis e\i)lainK why planks 
sawn through the centre 
of a log (Fig. 3‘2) gene- 
rally crack, tlie crack being 
the deeper, the thicker 
the plank, tlie more sap- 
wood it contains and the 

wider the annual zones of 

wooil. 

The outer zones contract 
mol l! than llie central ones, 
i:l) is curved convexly on huih its 
larger surfaces. If [(lanks are cut at distances more and more 

removed from the centre i)f liie wood, they tend, owing to 

unequal \var[Mng, to hc'Cotne more ami more concave on their 
outer surfaces, as shown in Fig. 34. 

The sliriiikage in width of sucli planks has been referred 
to already ([>. < 18 ). If a floor he made witii insiitlichmtly 
dried [daiik.s, they leave spaces hetween them on drying, wlhic 
if the [danks are nailed mi the joists of the floor with their 
inner sides (;x[)osed to the air, they tend to shell-out. In 
good flooring, planks are dovetailed into one another to render 
the floor airtiglit. 

The centre i»f any log containing the pith, being frequently 
knotty in coni le reus wood and in broad leaved W’oikI often 


I';-. :;i. (ATh t 

and the coiiLral plank (Fi, 
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deviating from tlie vertical direction, is usually defective, so 
that the best planks and other scantling are obtained by 
rejecting the central plank and cutting the log into two or four 
balks (1^ igs. JS and 8b)? which can each be sawn up into suit- 
able pieces. This obviously requires logs of sojiiewliat large 


(Afti'l Uo[,].r,) 

Fig. :12. (Afu-r Umpi,!'.) 

diameter, but yields timber that is much superior in quality to 
that produced wlieii smaller logs are merely sawi] through in 
one direction. J)uliamel showed that by thus cutting a log into 
four pieces, danger from cracks and war[)ing is much diminished. 
In Fig. 34 it is seen that the shrinkage of the four planks into 
which the wood is thus diviiled 
is (piite uniform, and chiefly at 
their outer ends. 

In India, where boxwood is 
cut into round pieces for export, 
each piece is sawn down to the 
centre along a radius, and tliis 
prevents any other cracks, the 
large opening widening or narrowing according to the di-gree 
of moisture of the air. This is also the practice in Japan 
a-dg, 37). 

In younger trees (Fig. 37) the coiuauitric zones are fairly 
uuifonu from tlie pitli to tlie hark, while in older trees the 
Iniger zones arc slutwn in tim middle of liie transverse 
section (Fig, 38). lloiice tlio former usually crack in one 
place, down to the radius, while in older bgs there are 
*^(iveral internal cracks. 

^Vhen, as in railway* sleepers, a fairly tliick plank is cut 



Fig. :u. cAficr 
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out of the oentre of a tree, it can be prevented from crackinp; 
by driving in an S-shaped thin steel clamp, ^Yhicll holds the 
wood together. 

The various methods of seasoning wood, injecting it with 


(After i;..pi>iv) 


t- i;j. (After 


preservative materials and otherwise improving its niialiiy, 
are dealt with in a sultsequent chapter (p. 502). 

^Vhil8t in most of the industrial uses of wood rapid with- 
drawal of water is retpiired, there are some in which wood 
should be rendered as watertight as possible. This is specially 


i A 




(Aftrr Iiopj^>.) 


Kij'. :iS. (Afh‘r Unppe.) 


tlie case with staves for casks lo contain Ihpiids, that bIiouM 
part with as little of llusir cttnteiits as possilde. 'r)i(Mlirecti"!i 
perpendicular to tiie medullary rays is lliat througli whicli 
liquids pass least freely. Oak staves are siilit along thf 
radius of the stem, and the medullary rays are parallel to 
their longer surfaces, so tliat they are very impervious 0 
liquids conhiined in tiie casks. Beecliwood is very pernieal'k’- 
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and tlierefore useless for casks, except those containing butter 
and other more or less solid Hul)staiices. In split oak or 
chestnut palings, the liliies and vessels are not cut, and 
they are therefore much less permeable by water than sawn 
palings.— Tr.] 


*J. Effects (ij Heat on Wood, 

(a) Chaiuje nf tS/{ajie. 

Tl]e coeflicient of liiiear expansion of a rod is tlie increase 
in its length for 1'-’ C. divided by its original leiigti]. Tlius, if 
a rod one meter long, at 0^ C., receives an increased tempera- 
ture of 100'^ and thereby expamls 1 Jiini. in length, its eo- 
elhcient of expansion would Ijo or 0*0001. It 

should be noted that for wood, this ex[)ansion loiigitudinally 
is only a fraction of its radial ex[)ansion, and that tlie former 
is less than in metals or glass, wliich Ijcing homogeneous, 
expand equally in all directions. 
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[Where iron girders are used in buildings, in case of the 
house being burned, the expansion of the girders tends to knock 
down the walls ; this is not the case with wooden beams.— Tr.] 
In order to determine exactly the etTocts of lieat on w'ood, 
the wood and the air in w*liich it is placed must be al>solutely 
dry. If this is not (ho case, as in the wood of a living tree or 
one recently felled, or in converted w()<h1, lieat alway.s 
pioduces contraction. 'I'liis is hocaiiso the heating of the 
contained water not only counteracts the expansion due to 
heat, but produces even a reduction in volume. 

Frozen wood, according to Mayr, is alTocted by lieat quite 
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differently from unfrozen wood, und tins proves that water 
does not exude from the cell-wMls of frozen wood. On the 
contrary, owing to the retention of water by these walls, a 
reduction of temperature acts oppositely on frozen and un- 
frozen wood. When tlie temperature is reduced the latter 
absorbs water from the air and expands, while frozen wood 
contracts; if tlie temperature is reduced considerably below 
freezing-i)oint, frozen wood cracks, as does a mass of ice under 
similar conditions. Hence, when the air- temperature is very 
low, frostcracks occur in living trees, but they must not l)e ex- 
plained Ity differences of temperature in the internal and exter- 
nal zones of wood in the tree, plienoinona wliich Mayr states di> 
not occur in nature.* G-roenwood when heated above 0 C. 
follows the laws of evaporation of water, but when cooled 
below 0 , it follows the laws for reduced temperature in 
soJids. 

\J)} MormtuU of ih IIV/Av' io Won^i 

When wood is heated not only tlie temperature of the sui)- 
staiice of the wuod is raised, l)Ut also that of the air and 
water it contains, if freshly felled wood or wood saturated 
witli water from lying in it is suddenly healeti, much water 
exudes on to the exposed surfaces of Uie wood ; if tlien the tem- 
perature be reduced the exudation of water ceases, but if the 
wood be submerged, it absorbs still more water. The water 

* h/'tif A i\'miuk:U>!i: H’lii'Muf witli u vuw i i 

ai^<;crf;unin^ the viirlulion.-^ uf leiii|>cr:il im* in !i;li ln>vii ri)tiilncli;4l hy Ih ji 

V. Schleidici't, ■leitii. wli<» iJuljliT'ln's tlie resuUt^ in tlie ii> 

l\,u-I,nurl(firt. 

Hum Sclileicliert timln lliat the lerupcrntiicc nf tho iiiliTiur of Ui-f' 

Uepeiirleiil iii-oii the teiiijxinC uu; of the Mirrmiiiiiin- air, Imt inllucnw! iiI-' 
hy ether cau.-ie?*, Mieli !!..•( the j'luvinU ic:iii|»t*riil nic. thu tfin|icruluru of the i 
u-MjeiKlitit; in the anti tlu; tcnipeiiiinri; of the liruiicln>, which arc dirc' iiy 

heat Or! hy the sniihs rays. 

fin; mode of i:x|x;rinicni wa^ the folhovin^' ; A h"li’ wan IkxoiI in the stem -I 
atm- on ilic iioitli MiUc at a lifi^ht of \ \ mot ro,-* (iioavly o ft. ) from the 
fn the hole w:iH placofl to a of tlf (’(‘utinn tro^ ( nearly .*i in. lathcrmomci' r. 

atnl seal'll np witii wax. .'iefoii'l thorniomi'ier similar lo Iho hi'i " *' 

fikstcni’d fo a hiarich ipf the iliai ilm air l“lt■l•nlalcll freely roiinil it. 

file feiiipi iaUin-s re^'i'leriil ijy the t wo iiivinMiimts wa re taken at vai\ a.' 
intervals during tlie day and eoriipaivd, 

ihc rwidirij(:< of (in; Iheiuionieters for eiKht tlays iti .fune, which arc lHihlidi"(, 
hrtfig to li'.,di{ a eiiiious idi' ti'iinenon, W hile tho external teiuj'ernnirc slmW'd 
the iLsiiat maxima in the afteriKum. the maxima in the interior of llio ti " 
were rtrordwl at niidniirlit and the iniiiiina at mi*lday, I’r. J 
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exudes owing to the expansion of the aap and air contained in 
the wood, the expansion of the w^oody substance scarcely 
intervenes. The heating and cooling of the included water 
and air also proceeds in living trees, where it is an important 
factor in the ascent and descent of water, as well as in the 
lateral passage of water into the medullary rays. 

This movement of w^ater proceeds also in converted wood, 
if it is insufficiently dried. The water is then driven out- 
wards by the expanding air, along its natural paths towards 
the external surfaces of the wood, that therefore become wet. 
The practical effects of this is to favour dry-rot {McndutH 
larrimava), on joists and planks. 

(/■) ht'fOtfiimHion of Won<K 

If wood is heated up to 100 ' (k it first loses all its water 
^JKl becomes absoJiitely dry; sovera/ o /we?* va lions have 
n’oved that the other properties of wood are thus somewhat 
Jtered. The production of absolutely dry wood is of imi)or- 
ance in many experiments, which can be carried out only 
viien the disturljing factor, w'liter, is eliminated. If the ^Yood 
s heated still further, gases are produced and ignite when 
n contact with a ilame, until finally only ashes remain ; 
he rest of the wood passes into the air in the form of water- 
'apoiir and carbon -dioxide, with a small amount of ammonia. 

If air lie excluded or admitted insullioiontly during the 
leatiiig of w'ood, the woody tissue is decomposed : 

brom 150^’ to ‘2S0' into water-vapour, acetic acid, formic 
acid, methyl alcoliol, with a brown 
residue. 

n 280 to !U)0'- into car bon -dioxide, air monoxvde, ' 
marsli-gas, acetyl, ethyl, and a 
brown residue. 

n iU>0 to 430'^ into marsh-gas and hydrogen, and a 
thick brown litpiid of paraffin, 
benzol, carbolic acid, with charcoal 
as a residue. 

n 430“ to 1,600' woml yields the same products as 
before (300“ to 430 ), no new ones 
being formed. 
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As regards so-called uninflammable wood, it is injected 
with several chemical compounds, chiefly salts of alum, and 
becomes dilHcult to kindle, hut is still intlanimable after being 
subjected to lire for some time. 

10. Conduvdritij of llbod. 

[a) Heat. 

Wood is one of the worst conductors of heat and is there- 
fore largely used for matches, and tor handles of tools that 
are su))jected to various temperatures. Wood conducts heat 
l^etter longitudinally than transversely, in the ratio of 18 : 10 
for s{)ft\voods and 18 : 10 for hardwoods. Heavy hardwoods 
conduct l)eat i)etter than softwoods, and W(;t wood better than 
dry wooil, as water is a better conductor of heat than wood. 

(h) h'hrh itH//, 

Wood is also a poor conductor of electricity and servos as 
an insulator ; high speciiic weigiit and wetness reduce its 
resistance to the passage of electric currents. This is the 
reason why living trees are struck hy lightni?]g more fre- 
quently than dry tna‘s ; also isolated trees, on account of the 
large amount of water they contain, their high speciiic weight, 
and the spread of tlieir crowns, than trees grt)wing in dense crops. 
Also certain species such as oak, in preference, as is generallv 
asserted, to l)(;ech. The latest in vi'sti gallons of Havtig, unfor 
tunatcly interrupted hy his loo early death, UmuI to show that the 
immunity to lightning stroke assigiuid to heech is not war- 
ranteil. llarlig states tliat lKa!cli is just as often struck as 
oak, Imt the external and internal action of liglitning on 
i)e<‘ch and oak dilTer. The fact stated hy Jaiiescu, that oily 
trees (c.g., beech, walnut, lurch and lime) when comparid 
with starchy trees (rjak, poidars, ash, elm) are worse con- 
ducbjrs and less frerpiently struck than tlm latter, should be 
noted. [Resinous conifers, such as Scots pine, are rich in 
oil during winter, hut poor in oil in summer. Oil is a bad 
conductor of electricity.— Ti’.] 

( f) Stiund. 

Wo^hI conducts sound widl along its lihnss, i.c., lougi* 
tmlinally ; the sligliUist noise at one end of a log can !«• 
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heard distinctly at the other end. Dry wood conducts sound 
better than wet wood. The conduction of sound is interrupted 
or the sound deadened by decay in the centre of the tree, so 
tliat the liealthy or diseased condition of the wood of a felled 
tree may be tlius tested. 

(^/) UahL 

Wood only in very thin sections is permeable by light; 
then, like calc-spar, it exhibits double refraction. Wood 
is very permeable by Edntgen rays. 

C. Chemical Puoperties of Wood. 

The ultimate analysis of woods varies within narrow limits ; 
its organic substance wlnni <]rv is coinjiosed of the following 
elements : Cariion, nO, hydrogen, 6, oxygen, 137, iiitn)gen, O’B, 
half its volume being carbon. 

The cliief eonstitiuints of wood are cellulose (CcITioOj) 
and lignin Cellulose is tlicreforc a carbohydrate 

reseiuhliiig sugar in its composition. Lignin is tlie most 
highly carbonised coiislituent of the cell-wall. Lignin is also 
known as woody substance ; as the lignifying substance of 
cellulose ; with other materials in paper-manufacture, as 
the encrusting substance. Lignin is not a homogeneous 
substance, but according to Vaven a mixture of four others 
with ditlerent reactmiis to alcohol and ether. Pure cellulose is 
(liss(tlved entirely hv cnncimtratei) sulphuric acid ami converted 
into dextrin and h'rmentahle sugar. Treated with aininoniaeal 
o\i(l(i of copper, cellulose is dissolved completely, hut can he 
precipitated again by tlu! addition of acids, saline and sugar solu- 
tions and gums, as a white, structureless mass.’* When cellu- 
lose is treated with IIXO^ nitro*celhilose is ol)tained. a highly 
explosive compound (gun-cotton, pyroxylin), very solu))le in 
alcohol or otlier, and wlieii tlio solvents are evaporated the 
precipitate is collodium, colourless and without any structure. 

Analysis iiy Weight. 
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Cieslar* has shown that the amount of lij^nin in wood 
increases when a tree reeeivt^s increased light and heat, which 
therefore affect all the technical properties of wood ; these, 
therefore, depen<l chiefly on the relative volumes of cellulose 
and lignin in the wood. Unlignitied tissues practically mean 
wood -fori nations that are not completed during late summer 
and are killed liy early or winter frosts. It is not the absence 
of lignin in the cellulose walls that causes the susceptibility 
to frost, for neither cellulose nor lignin freeze, but the 
presence of plasma that is still constructive and has not 
pa.ss<Ml over into its resting (winter) condition. 

The presence of lignin in wood may bo tested in various 
ways, Pure cellulose is coloured violet by chloro-io<lide of 
zinc ; lignified cell- walls are coloured cherry- rod on the 
ap]>li(‘atioii of pliloroglucin and hydro(;hl(>ric acid ; yellow 
hy snlphat(^ of anilin; and sky-blue under sunlight by a 
solution of pluuiol in hydrochloric acid. 

r>y hoi ling wood in a solution of so<la nr caustic soda, or 
in a sohitioit of calcium sulphate, lignin is removed from 
the cell-wall and pure celhiloso is ohtain(;d. 

^lany fungi that are destructive to wi)od attack its lignin 
and leave tlie cellulose intact, whilst other fungi dissolve the 
cellulose, leaving a brittle, brown ligneous in ass that may Ik* 
))ulv(;rised by the fingers. 

A chemical combination of the cell -wall with salts of 
alumina, such as was attempted in Haselmann’s process for 
hardening wood, does not apjx‘ar in Ikj practical>hi ; the 
alumina is mendy attached to the wood and may he removetl 
by rain, etc. 

When Wf)0(l is )jurne<l,its ash- constituents persist as a pale 
grey jmwder containing the mineral constituents of the wood. 
They are simple or double salts of potash, soda, magnesia, 
iVJanganese, ferric-oxide, calcium-oxide, etc., combined willi 
silicic, pliosplioric, carbonic, acetic, pommic and citric acid.^. 
Althongdi some of these constituents are eHstuitial for the life 
of planU, their effects on the (piality of woml apiHjar to he hut 
sliglit; thfjy pfuietrale it in all directions as an extremely fii^' 
mineral skeleton. Carhonah; of iwtash is an economic product 
• Ui^ninjjehaltciniger Ntulelholier.'' 
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from wood, Themiaeral matter in wood varies from 2 to 50 
parts in a thousand ; according to species ; age of tree-parts 
(younger organs containing proportionally more asli tlian 
older ones) ; age of tree and nature of the soil in whicl^ the 
tree grew. Silicic acid is so abinKlant in hamhoos and palms, 
csiKicially near their outer rind, as to increase their hardnesfj. 
[iSilica in the form of a hydrate is found in the lioilows of 
bamboo culms and termed tulmhir, which is sold in Indian 
bazmirs.— Tr.] Briar- wood {ICrica arborca), tliat is used foi\ 
pipes, is very rich in silica. Some tropical woods, such as 
ebony, cocos, etc., are very rich in mineral matter. 

Water i.s the basis of tlie life of trees ; after they are felled 
it is a worthless ballast in wood. Its great inHuenee on tiie 
economic value of wood will be described liereafter; the 
section on specific weigld may be consulted for an account 
of the distrilnitioa of water in a tree, and in it.s heart wood 
and sapwood. 

Sugar, dextrin, albumen and tannin are decomposed 
easily, and form the chief mitrimeiit of the fungi tiiat de.stroy 
wootl. The superior durability of winter -felletl wood is ex- 
plained by the fact, that during winter the above materials 
are in a fixed or resting condition, in which they are more 
resistant to decomposition. Wood that lias remained for some 
time in water (floated or rafted) is also supjKised to lie more 
durable, because the above materials, being soluble in water, 
have been partly dissolved, and thus the fungi have lost part 
of their nutriment and their aggressiveness is reduced. This 
advantage is effective if followed by a suhsefjuent complete 
diying of the wood to its air- dry condition, hut practically this 
istddom happens, while the saturated wood requires prolonged 
desiccation. Hence floated wood is more susceptible to fungi 
tliau wood that has been tnuisjwrted by laud. 

[The materials above referred to serve also as food for 
ii^sects, and bamboos that have been ffoated over long dis- 
fimces or soaked in tanks for several months are much more 
iimmme from insect- attacks than bamboos transported by land. 
The drying of floated wood after it has been lauded is much 
rapid also in hot countries tlian in Europe, so that 
*^^ttted wood is very durable under such conditions.-— Tr.] 
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Sugar CDiitiiineJ in the sap of certain species of mai)le, hirch 
aiui palms is of economic value. In maples the conversion 
of starch into dextrin and siigar occurs only in winter with 
temperatures helow froezin^-]>oint and so rajudly, that from 
January onwards, on days when it does not freeze, sap con- 
taiiiinjj; sugar exudes from wounds in the trees. The yield of 
sugar a}>pears to depend on turgesceiice and i)ressure; sap 
does not exude liy gravitation hut is pressed out of the sap- 
wood. As soon as frost returns the sap ceases to exude ; 
all maples yield fairly considerable quantities of sweet saj), 
which can be tapped without any apparent i injury to the tree 
or the wood. \Vhen the buds open the annual exudation 
of saj) ceases. Even Kuropeaii maples yield an agreeably 
scented syrup ; if tliis were hoiled, sugar could he made easily. 
This industry is largely developed in North America, and is 
referred to under the heading of I lie utilization of minor 
produce. Tlie sap of maples contains live per cent, of sugar 
and more, I hut of hirch, horn)>eam and lime-trees, hardly two 
per cent, rennented hirch-sap is a drink. 

drains of sugar atqjearing on fresli wounds of the sugar- 
pine Lainhi iiiifuu} are used in medicine. 

Starch is stored in the parenchymatous cells of living trees; 
in their external woody zones it is dissolved annually and 
u.sed for new growth ; according to llartig, in old living wood 
(c(jntaining pJa.smaj it accumulates until there is a seed-yeai', 
so that the periodicity of secd-year.s coincides witli the maxima 
accuijiiilati >)is of staich. Tlii.s statement is admissible only li 
it can !>e [auved tliat in specially favourahl^j warm years 
IHSlg, several successive seed-years can result from the 

accniiiulution of stareli in llie inner living zones of the Siinic 
tr(;e. Ma) r ladieves that bright warm summers produce .‘'O 
much starch ami other formative material as to sulUcu for the 
production of llower-huds, without draw’ing upon tlie resources 
of preceding years. 

Starch ineveuses the nutritive power of wood and togelher 
with mineral salts and albumen i.s stored cluelly in the lii'i'i' 
branches and twigs, so that these tree-parts are H|)eciitll)' 
nutritive for cattle and gaiiie. The older tree*j)urts are ]»wr 
ill iiulrimenl, l>ut hi years of scarcity they may be mixed wifli 
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corn as wood-breati, anil thus may partly replace otlier fodder. 
Such an experiment has been made witli beech wood. 

Tannin appears to play a varied part iji wood, its most 
important role being tluit it precedes and includes the colour- 
ing-matter that gives its colour and durability to lieartwoud. 

Among the ethereal oils in wood, turpentine and camphor 
may be mentioned. Turpentine is contained partly in resin- 
ducts, partly in parenchymatous cells. If the resin -ducts are 
severed turpentine exudes; it is pressed out by the turgor 
of tlie sap wood. The cell- walls saturated witli water are im- 
permeable by turpentine. When wood is wounded and exposed, 
resin instead of water passes into the cell-walls (rcslnosis). 

Camphor is found cliiedy in Laiiraeeie {Cainphmi} ; the 
species yielding it are given on p. 47, It is a highly refrac- 
tive substance formed like tannin in enlarged parenchymatous 
cells. 

Betulin occurs in the wood and bark of birches, and in- 
creases their combustibility. 

]). Mechanical TuoiMHiriKS of Wood. 

This group of those properties of wood, which are based on 
its anatoiuical and physical emulitioiis, is dealt witli under a 
Separate Imading. Long leeliiiical experience is lieie more 
decisive than physical and anatomical science, which is not 
yet developed sulliciently to alford a clear explanation of 
the subject from a consideration of the soparale pliy^cai 
and anatomical factors. 

1. Finenas of 

The term “ hi lo- grained ” is not e<]ui valent Ij “ narrow- 
i'-uned,” nor Lo “ anatomically of simple siructure.” \\ ood lliat 
can be worked easily is liiie-gruincd, wliellier or not it appears 
so to tbe eye. Oak wood as well a.s spruce wood may be linu- 
gi'aiiied or coarse-grained. Tlie woods of old Weymotitli pines, 
fd walnut, box, horse-chestnui and maiiogany are specially 
liiie-graiued. One condiliou for linouess of grain is uniformity 
the annual woody iJuues, both in width and in the ratios of 
tbe widths of spring and summer wood williiu the annual zones. 
This uniformity of the tissues depends chiully on the age 

G 2 
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of a tree. At an advanced age the annual zones becoihe 
gruduall}^ narrower, so that the annual increment may remain 
constant for a iiimiber of years. Mayr has shown Uiat, as a 
tree becomes older and its volume of wood increases, it 
becomes loss sensitive to variations in daily and even annual 
variations of atmospheric temperature and humidity. The 
large volume of wood then equalizes extremes of teinixjra- 
lure, so that the cambiiini being pquably nourished produces 
a steadier increment and consequently wood that is more finely 
grained than in young trees. 

The method of growing a tree, and supplying it with light 
and beat is also important. Virgin forests yield wood that 
may be more knotty than wood from a dense artificial crop, 
but on clean Ijoles exhibits tlje finest grain, the greatest 
uniformity of structure (Fig. 39). Excluding very old trees, 



IV.*. — WixkI fi<ini a vir<,Mii foivst. 


the explanation of this fact is due to the prolonged mainten 
ance of the tree during youth in tlie diffused shade of the 
virgin forest; for decades the young plant has lived protecteil 
by older trees under uniform conditions of temi>erature, 
humidity and illumination, the forest equalising extremes 
Ey the successive death of old neighl)oiirs, the tree obtains 
gradually a full sui)i)ly of light and heat long after the 
l)assing of its youtli, wiieii meteorological extremes wuuM 
have caused irregularity in its annual woody zones. 

The gradual acquisition of an open position results in an 
iiacreased increment, but not in abnormally wide and irreguhir 
aijiiual zones. AVood from a Selection forest approaclici^ 
tliis condition most nearly. 

A tree grown under the Shelterwood compartment aysterU) 
with a dense reserve of mother- trees (Fig. 40) jwssesses iiefti' 
its pit)], wood, that has very narrow zones for tlie first 20 or 
40 years; then, owing to full ex]) 08 ure to light, a nuiiibei'O^ 
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wide and irregular zones, but as the tree gets old the annual 
zones gradually become narrow and the wood resembles that 
from a virgin forest. 

If, during the regeneration period, tlie tree serves as a 
mother- tree, wider zones follow, as in Fig. 4‘2, 

The Clear-cutting system, with artificial reproduction, 
secures from the first full light to the plant, also exposure 
to extremes of temperature and humidity. The wood is thcre- 



Fi". to.— Wood under tlic SheUerwootl Compartment system, 

just before a thinninj;. 


fore broad-zoned from the first ; zones of narrow summer- 
wood vary with others in which the hard summer- wood is 
broad, only in old age does the wood hecomc uniform and 
narrow-zoned. The clear- cutting system produces the 
coarsest grained wood. 

If a tree is set free when old (in Fig. 4*2 is a tree eighty 
years old) in the clear-cutting syshun, nndcr the iiilluenee 
of the increased exi^suro to liglit and lieat the annual zones 



FiiT. II. — \Vo(hI <,'rinvii undri- (lie (’Ii^ar-ruttin-j system. 


become wider, hut gradually narrow again. 8uoh wood is also 

coarse-grained (Fig. 4*2), 

I he inferiority of \YO()d produced in the open is readily 
explained hy the fact that a free position in young trees causes 
^ laigei wood-increment than in trees naturally regenerated, 
t is indisputable that in old ago it is not density of crop, hut 
•c open crop of a selection or virgin forest that produces the 
f^featest volume of wood in a given time. Contrary to popular 
opinion, selection or virgin forest is not dense but open and 
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therefore produces the most underwood. Unfortunately the 
time required is longer than the usual rotations, and trees 
grown in crowded crops must be utilised early owing to low 
increment and disease (red -rot). 

The inlluence of soil on the quality of wood is such that 
good soils produce woody zones that are broad and irregular, 
and consequently coarse-grained wood. The worst soil, or 
soil t]\at is deficient in certain qualities, such as sand or peat, 
])roduco slowly grown crops, bnt wood that is finely grained. 

In damp, cool climates, ij\, maritime, northern or 
alpine climates, and on northern aspects, trees grow slowly 
in girth, and their wood is uniform in texture and finely 
grained. Xonvogian, Swedish and North llussian W’ood is 
renowned for its line grain, w'liile the famous resonant spruce- 



yoiiMi: nltl, 

wood from mountains is the ideal of fineness of grain. Inter- 
ference wilh (lie fimaiess of gram in woml, owing to knots, 
twisted fibre, et<‘., lielong to the seclion on the defects of wood 
(p. n\).* 

2. Finailtilitif, 

The property of wood owing to wliiclt it may lie split with 
wedges, etc., is termed ftssibility, and dejiends chiefly on the 
direction in which the force acts. Fissibility is greatest 
when the splitting iniplcineiit, r,/}., an axe, acts longitiulinally 
and radially on a transverse section of the wwd. \Vo<*d is 
h;ss iissile. wlnui tiie axe sLrilo's the tangiuitial siiction abuij^ 
a radius, still less fissih; wiirui tin* wood is to bt* split ah>iiL| 
the annual ziuie.s, and thi.s is easier on llie traiisverso section 
than when the axe .strikes on tlierailial s(n'lion. Woodeainiol 
be split if the forcf? acts i»e) |)enilicularly to the direction of iF 

• f Iy|iPH(if Osr wtiful f»nk. Ifirrlj.and sjir ii''C nf v.'irimw kinds of grnin nrcri'i i' 
in till; fioniiftpiccc, Uic f,'ik*:n from Ikippj'H " Technologic Kurcsticrc.'^- l f i 
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fibres; it is indifferent whether tliis be radial or tangential. 
Penetration by an instrument is then i>ossible only if the 
fibres are severed, wliile their severance is rendered inoni 
didicult owing to their compression l>y the instniment. 

Fineneea of grain is the next important item favouring 
fissiliility, a straight uninterrupted course of the fibres 
renders a wood fissile; everything that favours or diminishes 
fineness of grain in woods increases or lessens their fissihility. 
Twisted fibre occurs sometimes in entire stems, and normally 
in the rootstock or at the junction of the stem with a branch ; 
tills diminishes the fissiliility of the wood. Fissihility is 
jiimiiilcd alisohitely when the lilires alter in direction in 
consecutive annual rings, as in Gulacuni-wood. 

High medullary rays, or numerous fine rays increase 
fissihility in the radial direction. 

Moisture softens the cell- walls, so that contiguous cells are 
separated more easily, hut they also become tougher. In 
hardwoods, the increased divisibility out- balances the tough- 
ness, so that they are split more easily wlien wet than when 
they are dry. In the Spessart freshly-felled oaks are split 
longitudinally to test tlieir soundness. Tlie opposite is tlu^ 
case with softwoods: tlu*ir toughness when wet out-balances 
their <livisihility ; tlnu'cfore tlu'j are more fissile wIkmi dry. 

With woods tliat are equally moist, a higher temperature 
increases fissihility unless it Jilso dries the wood. If the tein- 
licratiire is below freezing-point and the wet wood freezes, its 
fissihility is at once prejudiced ; frozen wood breaks with 
a conchoidal fracture like a block of ice, as it resembles 
ice closely in its physical properties. This is another clear 
Iii'oof that when wood freezes, water is not exuded from tho 
cell, wall, otlterwise tho sap wood i>f softwoods, esprunally of 
conifers, would become more fissile than Iteforo it was frozen. 
As water wlion frozen in the cell-walls reduces the fissibility of 
wood, the samo result will follow when oilier sulistaneos replace 
water in the coll -wall. 

Ail colouring-matters and resin tlierefore reduce fissibility. 
In extreme ca.se8, when tho n'sin hardens into rosin with which 
the wood becomes inipn^gnated, fissihility disappears ; such 
Wood reseinbleB frozen wood in this resi^ct. 
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High speoific weight ia opposed to fissihility ; it is more 
clifticult to split heavy, hard woods, than the lighter woods. 
This applies also to wood from an individual tree, branchwood 
is less fissile than stemwood, even though the former he straight- 
grained, but rootwood, though lighter than stemwood, is less 
fissile, owing to irregularity in its fibres. 

Soundness ia a necessary condition for fissihility. Diseased 
wood is either soft or brittle, according to the nature of the 
disease ; in either case it is less fissile than sound wood. 
Owing to the action of the attacking fungi, the wood at length 
becomes a homogeneous mass, which can no longer he split. 

In judging the fissihility of the wood of standing trees the 
following favourable factors should be noted : Freedom from 
l>ranches and knots; fine bark, with straight fissures. It is 
stupid and mischievous to cut out a piece of the wood and test 
its fissihility. 

The following list shows how’ greatly fissihility depends on 
species. 


Vfi y Ki^silo. 

Ki-S-sile. 

Fairly 

IhltU'ult t<» 

Vi‘ry ilitikailt 
to Split. 

Split. 

I’illiilxxis. 

S|>riice. 

W«‘YlllOUlll 

Chtrrv-wooil. 

Uoliinia. 

(tiiaiacuii). 

CaiM*';. Unit 

Silvcr-lir 

pint'. 

Klnis. 



<-an 


Scots 

I'l-ai ai]ilap]j|c< 

Mas, 


Splil illtn 


Oak. 

W(HnI. 

I’lai'k pine. 




Ash. 

l'oj>larN. 

’rrcc-\villi)ws. 

Klsaiy. 


i 


1 Al.lcr. 

I.iiiics. 

UtlSCWSMxl, 




I.aicli. 

nut. 





t’cnihnui 

Maples. 





pine. 

Yew. 

nirdi. 





Maliii<':iny. 





Hsud. 

Swerl 

nht^tnnt. 

riniic. 




3. Sfreiiffth. 

The strength of a piece of wood varies with the direction of 
the force which tends to alter its shape, ho that there are 
different kinds of strength in wood. 

Tenacity is the resistance a wooden rod offers to a force 
tending to stretch it. The coefficient of tenacity is the force 
which can tearanxl one meter long and onewpiare centiinetei'ii^ 



STRENGTH. 


89 


section, while the force that can stretch sucli a rod to double 
its length, if this were [)ossi])le, within the limits of its elas- 
ticity, is termed the modulus of tension. [We may however 
gay, with a greater regard to possibility, the modulus of 
tension is one million times the force, which would stretch 
the bar to a mil lion limes its length. — Tr.] These and other 
strength coelhcieiits are given in kilograms per square centi- 
meter, and as the atmospheric pressure on a square centi- 
meter is very nearly a kilogram, the force is frequently 
represented in atmospheric pressures (at). 

In tlie case of resistance to crushing, the force acts in the 
opposite direction to a tensile strain, and the coefficient and 
modulus are determined analogously. Resistance to torsion 
is that offered by the fil>res of a rod, the axis of which is fixed, 
to a (vnple of forces tending to turn it on its axis. Resistance 
to sheering is that offered by Avood to a force which tends to 
make sections of the wood slide on one another. 

[None of the above strains (forces) or stresses (effects on 
the wood) are of mucli practical importance. In contrast 
with iron, fracture of wood by tension acts suddenly, there 
being little extensii)ility along its fibres. If a piece of wood 
be fastcne<l at botli its ends and then subject to a load in the 
middle, it may be bent and tlie fibres on tlie convex side are 
stretched, but the consideration of such a strain practically 
comes under the heading of transverse strength. Crushing 
strains come into play, wlien wood is used for vertical piles, or 
posts, mining props, wdieel-spokes, etc. Over-weighted wooden 
pillars bend and break transversely. 

Wheel-spokoH are siibjoet to crushing strains and the best 
woods for tb(i purpose are robiniaund oak ; the former wix>d is 
now coming into use for the s|)okes of motor-cars, wliere the 
pressure on tlie outside wlieels in going rapidly round curves 
is very great. In using [Hjeled oak coppice-shoots for pit- 
i’ropu it is essential tliat the horizontal cut made at the base 
of tlie shoot in order to strip off the bark should sever none of 
tlie wood -fibres, as any such cut very gre^illy diminishes the 
‘‘’trength of the prop. 

Mathey (op. cit., p. 7) goes into detail on the question of 
tile strength of pit-props, which were tested in 18511-1895 by 
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Emile Sard i no, and the general results obtained by the latter 
for projw 14 c. in diameter at the small end areas follows : 



Uii‘:ili in*'- weight 
in kiiu<. 

Oak 

5,220 

Alaritime pine . 

4,790 

Bilver-fu’ or spruce 

4,750 

Larch . . . . 

1,810 

Scots or lUack pine . 

8,710 


With a diameter of c. the superiority of oak was further 
acceninat{‘d, Imt the larch came at the lH)lt()ni of the list, it 
was presunial)iy of had (juality. 

Tlie windlass is alioiit the r)nly case in which wood is 
required to resist torsion, ami tlio dimensions of wooden 
wimliassesare usually sulVicient. (inaiacnm-wood resists sheer- 
inj^ strains best, as in pullies: i)eecii, apple and poarwoo<( 
also resist slieevinp; well, lienee the use of tliese woods in 
f^olf-eUihs. Ilonibeani'Wood resists hoth crushiu" and hIumu*- 
inji strains and is used for eo‘,'H and skitth's. When subject le 
a crusiilnj; strain, accord ln<; to Laslelt, its tihres, instead of 
break in niY short, doiilde iqi like threads. — Tr,] 

The most important stren^lli of wood is tlie resistance it 
olTers to a force aidinj^ at ri^ht anodes to ils ^ruin, and iV 
termed transverse strength. As lon^ as the chanjie in tlic 
form of the piece of wood is only temporary and it recovt is 
ils ori/^diial shajH? after tlie strain is withdrawn, the wood 
said to he perfectly elastic. If, liowever, a clmn*'o of ba’iii 
remains after the withdrawal of the strain, the limits of iMM'fi-vt 
e)asti(*itv have lieen excee<Ied. The modulus of elasticity 
of a pi(!ce rif wood corresjKmds to its cliantte of form until (in* 
limits of elasticity have heen readied, while the modulus of 
rupture (^ives the force iti kilograms, when breakage n‘sull^> 
after the limits of elasticity have been exceeded. 

Investigations l ef^ai'din^^ tin; stren^^th of wood date from I lie 
early part of the nineteenth Ciuitury; it was chiefly lluluiincl 
du Monceau who aUemjiteil to (liseover a relation helvveen I hr 
siMrcifu' wei^dil of wood, lliat is so easily dehirn lined, and 
utreiigtli, the determination of which ia much more dilliculh 
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Ptthamel considered that specific weight is a measure of the 
strength of wood, and he was followed in this way by other 
investigators. Ilartig* and his pujiils went too far in this 
direction, as they affiruied tlm identityof heavy strong, and 
of liglit — weak, stating tliat Imavy spruce wood is always 
stronger than light sprucewood ; tliey forgot that the most 
costly and excellent sprucew’ood, resonant wood, is the lightest 
wood of this species, Oineis followed Itartig in basing 
strength on specific weight only, in the case of Scots pine; 
Eiclihorn for oak ; Bortog for silver-fir ; Sclineider for iish. 
The best works on the subject are given helow.* 

Tetmajer gives the following data in tons of 1000 kilos per 
square co.nlimeter of wooden i-ods, half a met(*r lf)ng:— 


Sjii'ci.s. 

MiHltilus of Uu|itiir<<. 

S} MM a tip 

Ml Mill. 

Silver-tir ... 

loiriJ 

u> 

Oak 


7i'i 

Siiniec 

lln-;i 

47 

La roll 

in-i 

i>() 

S<’ot.<j [line ... 

llS'S 


IVceh 

ir.so 

M<hIii1ns i*f V (linf.al) 


Spots jiiiK* ... 

ii'lss' 

y} 

I.arrli 


<:o 

Siiniei' 

o’i>m 

17 

Oak 

-1217 

7i; 

Silver-tir ... 

-I'L'llI 

n; 


(i-Jlil 

7- 


It cannot he aflinned from Tetmajer’s resulls that the 
moduli of strength and elasticity are correspondent. Most 


* iU Haiti;:, *’ UnU’rsitrlinu^ii iiln'r <li<“ Kiitstrhuiii; iitnl Ki.uohst'liaften iK's 
Ki»'iili<)lzvs.'' “ Vei'si'liiciknlioiti'ii iit drr (,)nalitiii ii. itii ;uiat*>inisclien liau 
'Icr Ki('ljteiilM)lz(v.'' KorstliVli Nat. Zcitni),::. IS!*!*. JMt.’k ISiM, 


( N’onlliiiiror, ‘‘ Pk' Kliusiizitiit ik'r Ffiilzcr." ZcntrlM. f. il. ps. Kitr*:tw<son. 

Sll, UaiisIniMjri', ‘‘ K last icit iit u. \ rfS('hi«'(k‘ii<N' Naik'lhulzer. ” 

•Uiiiiit'li, |,ss;{. is.sr. S4‘liWiijtj.jU‘l>, *■ l'nl(rsii<‘linii;:t‘ii iiU'r llauinizovvirlil u. 
Ikiickfistiirkcit (k*i5 llolzcs," ls:>7, IS'tS. lUikk r. *’ ii^'r i1m‘ 
Oii!ili(;it (k*s ill lirlifvu it. j:rsrlilMs*!riH*n Stain! crwacltsotirn Tainuai u. Kirhum 
I'tilzcs.’ I«aiti!n!t, “ I’riifnn;: (li*r iMStigkril u. izitiit tk'r Ikiiiliilizt'r/' 

Stliwciz Zritsclirift, ISSil, Hatlerk u, Yaiika, " rnlorsiicluiKgi'U iiln'r ilio 
Kliisliztfiii (I. hVijiti^^krit ik'f ilstriTcicli : Uanltiilzi'i'. I. Kirlitr Siitliirols.” liUMl. 

“ I’l'iifutig (ItT schw Ujiuli;)lz»‘j',*' iss:i ISiUk Fithow aiul 

l*"th. ill several puinphktM on t)io Hth'n;jfli «if Antorionii \vo<xk “UqKirls 
•ai tile streiigdi of fitructuml tiinlKT,’' W, K. Hatt, I’niteil Stales of America 
Hrest Service, Circular 115, Oct. 24, lltu". 
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investigators have not calculateil the limits of elasticity, but 
have stated that the two moduli correspond. 

As regards specific weight, they affirm' that for any species, 
heavier wood is stronger, so for two species of spruce, the 
heavier is stronger and more elastic. Schwappach goes more 
into detail on the connection between specific weight ^and 
transverse strength, stating that : 

Transverse strength, depends on : — 

(a). Tree-parts. The external wootl is the strongest, also 
nsnally the heaviest. In the crown of a tree, sometimes the 
weight, sometimes the strength is greater. Tlio so-called 
hard and heavy side of coniferous trees is weaker than tlie 
so-called soft side. Accorjli^^g to l\>ppel* also, the wood of the 
upper side of branclujs is stronger and more elastic than that 
of their lower side, so that lighter wood is stronger than 
heavy wood. 

(1>). Age. Old wood is stronger, though lighter, than young 
wood ; in the Scots pine, specific weight diminishes after a 
tree is sixty years old, but strength increases. 

(c) . Locality. The strengtli diminislies as tlm tree is grown 
away from its optimum climate {rf. p. 5b). 

(d) . Soil. The best soil produces the strongest wowl ; it has 
been shown idready that the i)est soil does not always pnalnre 
the heaviest wood. 

(e) . Wetness of the wood. VariuLions of 1 per cent, in wet- 
ness give <lifTerences up to H per cent, in strength. 

Schwiippacli hence decides that specific weight alone is no 
determining cause of strength. 

Only after eliminating the results of age, locality and method 
of production, and after seasoning the worxl, is its strength 
dependent upoti its specific weight ahum. Thus in order to 
avoid one inislake further invijstigations involving fresh soinvcs 
of error must undertaken. Tetiiiajer states that the [U'opor- 
tion in which cellulose, lignin, gums, etc., are mixed in the cell* 
wall does not affect specific weight, nor docs the mo<lc of 
union of tiiese materials with one another, nor that of adjacent 
cells (cohesion). Tetmajer alleges tliut the amount of defor- 
mation, which in tests of strength, occurs in disphujemeid of 


* It. “ llu]7.uiikT»ueliiiii(((>n Alteit ti. Ncue*.'* Uerliti, 
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the molecules, is a very important factor, but specific weight 
gives no indication of this. With these results before him, 
Mayr concludes that to foretell the strength of wood by 
means of its specific w'eight is like a forecast of a])proacliing 
weather, from no factor except the position of the barometric 
column. We must therefore try to produce the cleanest, 
straightest and most cylindrical stems in the least possible 
time, wbother or no such timber is heavy or light. 

The strength of a beam depends on the manner in which it 
is supported, and the point of action of a straining force ; 
a beam supported at oiie end and laden at the other 
possesses only one quarter of tlie strength of tlie same beam, 
when supj)orted at botli ends and weighted in tlie middle. If 
after the weight Inis been applied and removed there is a 
change of form in the bemu, the limits of elasticity have been 
exceeded. It has betm assumed that this limit is half that of 
tlie breaking strain, that a beam which breaks with eight tons 
loses its elasticity with four tons. In engineering structures 
employing wood the limits of elasticity are never permitted to 
be approached, especially as llaupt and Tliurstoii have deter- 
mhietl that the limit of elasticity is mucli lower when the load 
is permanent. 

Another very important item in tlie strength is the trans- 
verso shape of the beam, and the direction of the annual 
zones with respect to the supports, Tlie transverse st rengtli 
is greatest when the section is a rectangle with it.s sides in the 
ratio 10; 7, the beam resting with its narrower side on the 
support. ISuch a beam exhibits the imiximuui strength (100) 
when the annual isones are approxiinuLely |)erpendicuiar to 
the supporting surface (Fig, 4H a). 

If such a beam rests on its broader side, its streiigtli is fiO 
(t’ig, 43 r). A beam with a square section but of the same 
area as (a) has a strength of 75 if the annual zones are nearly 
peiqieiidicular to the supjwting surface (Fig. 43 M, (15 wlien tlie 
annual zones are parallel to the sup^Kirting surface. A rect* 
angular l)cam witii the pith in its centre and placed on its 
narrow side has a strength of 90 (Fig. 43 d) and it square 
of 70 (Fig. 34 c). (Another test gave l> = 84, c = 70.) 

Way in which a beam is cut out of a log also afi’ects its 
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strenf^tii. If a pieco of wood is subject to great pressure, as 
ill wheel-spokes or ladder-rungs, it should be split or cloven 
from the log, as, by sawing or hewing, many hlires are cut, 
whilst by splitting, all the libres remain in their natural length. 

Evenness of grain in the annual rings and approximately 
vertical libres denote strong wood. Any iulerruptioii of the 
straightness of grain, caused es])ucially hy enclosed branches, 
reduces the strength of the beam considerably. 

Since the elasticity of a beam is ascribed correctly to the 
amount of lignin it contains, exposure to light and heat 





tig. l.i. — tiuti*/" u[ Uiu nlruiigUi uf Ir.un^ jf lluj siiinj strliuii in 

Ijiit ijf <liiTi.r*;iif Mliaijv?-. 


during the life of a tree imiHt be favourable to the strength 
of its wood, for Cieslar has shown that the cell-walls beeuiiii; 
more lignihed the more light a tree receives. On the other 
baud, wood, especially that of suppressed poles, grown in n 
dense crop is lough, hut less elastic and strong, rructieal 
experience cunlirms this statement, for spruce poles grown in 
oiKiii woods lielonging to pea.sants, called “white stems ' eii 
account of tlie lichens that cover them, are more durable aial 
elastic than “ red poles ” taken from thinniugs in u Jciise 
wood, iijfj opinion of timher-merchunis that luountaiii-wuotl 
is more elastic than valley-wood is also partly true. 
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Contents of resin has a sliglitly reducing iiiHuence on 
strength, for very resinous wood is brittle and weak. 

The eiii]floynieiit of wood in high air-temperatures is 
conducive to strength, because tlie wood l)ecoiues dry. 
Tenipei-atures below zero weaken the strength of wood con- 
siderably; when wet wood is frozen it becomes brittle and 
ai>i>roaches ice in its strength. 

Tlmt humidity weakens wood lius been already stated, and 
the experiments of Scliwappach ami KudeloH con linn tljis. 

To the season of foiling an inlluence on the strength of wood 
has been assigned ; wood felled in December is said to be the 
strongest. Anyone, however, who has undertaken to test this 
and who knows the numerous sources of error tluU arise in 
sucIj investigations, can only uarn ijractical men to beware of 
sucli a statement. 

Kvery disease in wood reduces its strengtii considerably. 

No list of woods ranged in the order of their elasticity can 
he drawn up without a suspicion of prejudice, especially with 
regard to the method adoiited for testing them, and also 
because individual trees of the same siiecies vary greativ in 
slrengtli, even when taken from tiiesame cro[). ISuil, climate, 
the met]j(j(l of rearing trees, etc., also cause great dill’erences 
in strength. Sometimes oak wood, sometimes asliwood, is 
clioseii as the strongest and most elastic materiul. Actual 
tests liave placoil conifers above hroa<ileaved trees in strength, 
hcots junewood that is so l>rittle when exposed to snow lias 
been placed first among elastic woods. Tesls have shown 
lliat beech wood possesses considerable strength, while in 
practice, beech, bii'cli and alder are reckoned as woods witii 
the least transverse strength, but with consideral/le resistance 
h> crushing. There is no doulit that eerlaiu foreign woods are 
more elastic tha]i our indigenous woods, «v/., hickory (///emm 
uHxt), teak, suiidri (//aitura), lancuwood and 

kauiboos. 

1. Toiujhiu'u or PlUtUliit/. 

A wood is said to he tongli or pliable when it can be bent 
^'t^yond the limits of jierfuct elasticity and is then susceptible 
l>ormaneiit deformation without breaking. The greater tlm 
tuievval between its Hunts of elasticity and rupture tlm 
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tougher is the wood, and toughness 1ms already been taken 
into account in the discussion regarding the strength of 
wood. In practice an unpliahle wood is termed brittle. 
Pliability in wood from one species of tree or part of a tree 
dei)ends chielly on specific weight; heavy wood is less 
pliable than light wood. The branches are less pliable than 
the stem, and the stem than the roots ; the finer rootlets are 
used as withes. The rhizomorphs of the honey-fungus 
{ArmHlaren melh'u) are more pliable than the finest rootlets 
of trees. Soft broadleaved wood is generally more pliable than 
hardwoods, but on the otlier hand llie wood of Ilicoria aWa is 
much more pliable than the lighter, brittle ^YOod of 7/. amava. 

Rapidity of growth favours pliability, and coppice-shoots, 
such as osier-willows and shoots of oak, birch, ash, elm and 
hazel are very pliable. 

As lignin in woody tissues specially determines hardness 
and strength, so cellulose confers on wood toughness and 
pliability. The less the illumination under which the tree 
has been grown, the more pliable it is. The very pliable 
coppice-shoots are nourished chietly by reserve mulerial from 
the stools and roots and get very little nourislnnent from 
light. The proeluce of thinnitigs is lough and pliable, but 
not so hard and elastic as well-lignilied stems grown under 
complete illumination. [Woods grown on iiurtliern asiH'Cts 
are more pliable than llie harder and more lignified woods 
grown on southern and western sloj)es, and the same is true 
for woods grow n on moist soil, us compared w ith dry calcareous 
soil, or peat, which prmluce brittle wood.— T'r.] 

Moisture increases the plialdlily of all woods, lleuce in 
fresldy felled trees, the sapwood is tougher t!mn the heart' 
wood ; hardwoods when wet are tough(;r than when they are 
dry, hut the loosening of the walls of tfieir tissues by tbc 
water preponderates over the resulting toughness (<;/'. p. 87). 

Heat also increases pliability if precautions are taken to prc- 
vcntevap<>ration ; heat and moisture acting together reinler wood 
extremely pliable, so that steamed ro<lH and planks can be bent 
just as if they were fonned of honiogeiieoiiB material,* as ui 

♦ W. Exuer, “ Djw Bieg^n dw llolzcs.'’ ZtjitriilbUtt f. il, gen. Foratwi^-*'- 

\m. 
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steaming wood far chairs, banisters, curved planks used in 
carriages, ships and barges, musical instruments, etc. Frozen 
wood is hard and brittle. 

When resin (semi-liquid turpentine) replaces water in wood, 
pliability is diminished, wood charged with rosin or colophany 
(oxidised turpentine) becomes harder, the longer the rosin has 
been in its tissues. 

The colouring-matter in heart wood diminislies the pliability 
of wood. 

The following list sliows that pliability depends greatly on 
species, but in practice tliere is much difference of opinion on 
this subject. 


SrECirs AKRASOKI) ACC()KDIX(; TO THKIR PLIABILITV. 


I'fril. 


OtliiT Iiivi‘stigalM(s. 


Hickory. 

Ash. 

' Elm. 
Houibcaiii. 
[.ai’ch. 

Scot.s itino and Spruce. 
Oak. 


Rircii, 

AAl 

WillowsJ. 

I’oplar^". 

Cork Elm. 

Hickory. 

Spccic.'j (if I’ii'us 

('oppicc-sliujts of viirious bniaillciivol tree.'. 
Suppi'CSi^al SjU'UcC. 


0. Darubilitif, 

Durability is a measure of the time daring which wood 
remains sound. In using and storing wood it aj^pears that 
the durability of any species of wootl varies remarkably. For 
instance, beech wood, wdieii made into furniture that remains 
inside our liouses, may last for ccutuvies, but the same wood, 
when exposed to moisture from the soil, rots in from three to 
live years, while under water it can bo kei)t sound for decades. 
As a rule we utuhu>tand by the term durability a measure 
the duration of wood that is used more or less in contact 
with tile ground, as for posts or railway-sleepers. 

The various forms of decay in wood are, as follows ; 
Qreyness,— Wood that is not exposed to ground -moisture 
hut to atmospheric influences and precipitations, variations of 
f.d. h 



PROPERTIES OF WOOD. 


OS 

temperature, insolation, etc., turns grey. The pale tints of 
freshly utilised wood, as in fences, become darker when its 
tannin is oxidised, aiul though this may increase its durability 
temporarily, the wood becomes gradually grey owing to the slow 
decomposition of its external layers. Tlie lignin is dissolved 
first, leaving a substance that is richer in cellulose. Tla* 
exposed cells are gnawed by various species of wasps in order 
to obtain wood-pulp for their nests. 

Softwoods turn grey earlier than hardwoods, and spring- 
wood is attacked before summer- wood, liard knots and resinous 
parts of the 'wood offering most resistance. Local climate 
affects this decomposition greatly, for in maritime and 
mountain climates wood {r/f., shingles on roofs and w'alls of 
buildings) becomes grey mneli sooner than in dry contineninl 
countries. Thus, in North America, Weyinoutli pine sliingKs 
last for about five years near the Atlantic coast, but for tni 
years and more in the Prairies. Planed planks resist greyness 
longer than planks that are merely saw’ii. 

Humification, or e rein acaii sis, affects wood when it is 
exposed constantly to alniospluTic liiimiditv and obtains 
insufficient supplies of oxygen. Wood buried in the ground, 
or in mines, shafts, sliip-ealiins, cellars, inside hollow trei 
etc., is exposed chiefly to ibis form of decay, which, beside.^ 
being due to chemical decomposition, is also assisted by 
fungi; the final jiroduct is damp, powdery, brown mould, lu 
such places, according to Wayr, fungi appear whenever Ibc 
relative humidity of the air attains 70 p(;r cent. ; when the 
air is less moist and fungi are absent the wood deconipesrs 
more slowly. 

Rottenness is the decomposition of wood by the agency of 
fungi, when the woo<l being supplied fully with atinosplicrii* 
oxygen is exposed also from lime to time to humidity. All 
woo<l in contact with the ground is in this conditifiu. 
e.f}., floors, posts, or railway-sleepers. The eventual prodntl 
is a rotten, moist, pale or dark lirowii substance, with n 
fracture partly fibrous and partly crumbling, and is sccund 
like humus or fungi. Wherever the variations of moisluiT 
are greatest, as just above, at, or just below, the surface of 
the ground, rotting is most rapid and continuous. SluL 
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poles and posts in the ground break eventually at their 
point of contact with it. 

The surface of wood exposed to flowing water becomes 
slimy, owing to the action of bacteria, especially Leptothrix, 
but wood in this condition is very durable. 

Mechanical attrition by natural agencies occurs in rapid 
watercourses, such as mountain-torrents carrying sand 
and gravel, the continual impacts of which on wood wear 
away its surface. A similar action takes place near the sea- 
shore, when the wind blows grains of sand against the wood, 
as near sand-dunes. Planks and beams that are exposed to 
the sand resist it best at their hard knots, which eventually 
protrude beyond the rest of the wood in polislied conical 
projections. 

Wood is converted into peat, or becomes carbonised, after 
lying for long periods of time in wet peat. It retains its 
structure, but is converted gradually into soft peat or 
eventually into lignite, l)ut sometimes may be utilised as 
hog-oak, etc., hardening considerably after it has been 
removed from the bog and has been dried. AVood from 
forests that have been submerged by tlie sea resembles bog- 
wood. In Japan wliolo foi-ests liiivo been destroyed by 
volcanic eruptions and buried in ashes or lava. This wood 
is at first of a silver-grey colour (Indai-wood of the Japanese), 
but later becomes brown and loses its structure, forming a 
homogeneous mass like jet (Umoregi). 

it is obvious that in many niode.s of utilisation of wood a 
piece of wood may be exposeil to two or even three kinds of 
decay. Thus, bridge-posts are subject to grey decay above 
water-level and to attrition below it, while a gate-post becomes 
grey above ground, rotten near the surface of the ground, and 
humified at its lower end. 

Usually a wood is held to be more durable the longer it 
resists rottenness and humification ; this is natural durability, 
opposed to artificial durability, due to impregnation with 
antiseptic substances. 

The natural durability of the wood of any species of tree 
depends in the first place on its position in the tree ; heart- 
wood is always more durable than sapwood, even heartwood 

h2 
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without distinct colour, as in spruce, silver-fir, or birch ; 
for heavtw'ood contains no easily decomposable albuminous 
constituents, and is always drier than sapwood. 

The presence of colouring-matter in heartwood, however, 
increases durability greatly ; woods with coloured heart- 
wood are always more durable than woods with heartwood 
and sapwood of a uniform colour. !Mayr also states that the 
more intense the colour of the heartwood the more durable 
it is. Tlie imperfect heartwood, or internal sapwood, of oaks, 
that occurs occasionally in annular zones in the midst of 
perfect heartwood, characterised by the absence of ihylosis 
and tannin and the presence of starch and so faintly coloured 
that it resembles sapwood, is no more durable than is normal 
sapwood {cf. p. 14*2). 

Ill the following tabular form, woods are grouped according' 
to the colours of their heartwood 




Blaijk. blown, U*’'!- 


r>‘v, l.uiik bi>.w 

V-llow, \t■\\u^ 


t.iul.t V.-lI>;vv, Liliht 

ii;i V. Brown. 


ElxJtlT, 

Ma-nolia. 

i'.eivh. 

.Muh<\yiiny. 

To;Lk. Tr.; 

Ililrh. 

I’ailauk. 

Tlliiu-U-vi‘, 


.Eurali. 

Ki'ljinia, 


Karri, 

Oak. 

Maple. 

('(jilrela. 

'Swi'./f cho^i lull. — Tu 

Lime. 

Many tropical 

I’iiK'S. inclu'lin.u' Woviuuutli 

Spruco. 

pinf'. 

Silver-tir. 

\vrx>lr>.— Jr. ^ 

<”najn:ro;y|tarix obni-a. 

llornlH’aiii. 


pi-'ifora. 

Iloll.v, wliitr au*l fairly 

ratalpa, 

(jiant lluiya. 

Uiiralili'.— Tr.j 

Mulh<‘rry, 

Hi'tiilock ^|>infi». 

AI<Ut ( ixhI hi.-artwtHKl). 

IVnri!-c<<lar. 

T'lrirya, 

I.awsj>n’s cypn'X'i. 

Swam|/-cy|»r<->'. 

' Sallow, K'4 afri fairly iiaiil. 

Cupro^siiH setnpcrvirnis. 


aji'l litiialjl-'.—Tr. ^ 

(All.iait li'dly ami tin* two 

virCfH, 

Kiln. 

la>t. }i*i| liiitahl*’ : lls'' 

Lan-li. 

{All rtural.l.',^ 

two rvprow's nvn vi-rv 

Dodi'la' hr. 

<litia))k.) 


( All vi-ry ; 


The exceptions in this list to Mayr's law about tlie cm n'- 
spondence of high colour and durability are the two cypresses, 
holly and alder. The lieartwcKid of all cypresses contains 
ethereal oil and is very durable; in alder-wood, thou^;h 
the heartwood is of a high colour, this is due to an (jxidiscd 
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product from a colourless cliromogen. [Deodar- wood is also 
pale yellowish-brown but extremely durable.— Tr.] 

The colouring-matter in heartwood is derived from tannin ; 
as the water disappears from the tissues and oxygen is 
admitted, it is formed by oxidation in the border zone 
separating sap wood from heartwood. This requires complete 
illumination of the tree’s foliage ; the colour is deepest in the 
heartwood of branches, it is paler in the stem-wood and palest 
in the roots. The colour of the heartwood is also deeper in 
the wood of trees that have grown in full sunlight than in 
those grown in a crowded crop or under the shade of other 
trees; therefore the wood of trees exposed to full light is 
more durable than that of trees grown in restricted light. 
The influence of thinnings and of setting trees free from 
tlieir neighbours and retaining standards over underwood 
on the increased colour and durability of their wood is 
therefore evident. 

The deepest colours and the greatest durability occur in 
the heartwood of certain tropical trees; in cooler climatic 
zones the colours are less dee}) and the woods less durable. 
In the coolest climate, indeed, perishable spruce wood and 
very durable larch wood are produced, but as a general rule 
it may be predicatml for broadleaved trees within their native 
habitat, that great heat implies durability. 


Turpentine l)ecomes oxidised into rosin, which possesses 
extraordinary durability: the more gradual is this process, 
the greater the quantity of liquid and volatile oil that is con- 
verted into rosin ; such a transformation is secured by Iceeping 
coniferous wood as long as possible in the form of logs or balks. 
The effects of rosin on the durability of wood are not. how - 
evor, siifticient for it to replace other factors, c.f/., colouring- 
niatt(*r. Weymouth pine contains more turpentine than any 
European conifer except maritime pine, yet its wood is not 
nearly 80 durable as that of larch, wliich contains little turpen- 
hne, but much colouring-matter. The greater durability of 
spnicewood than the wood of ailver-ilr is, however, due to its 
hoing the more resinous of the two. 

Wet wood ia always less durable than dry wood, for wet 
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to become air-dry, and during this interval there is always 
danger of infection by fungi, which do not attack dry wood. 
When wood has been floated or rafted, part of its soluble 
contents, albumen, sugar, gums, etc., have been removed, but 
it is so saturated with water tliat the danger of infection by 
fungi is increased. The nature of the soil in contact with 
which the wood is used, c.f/., sand, loam, or swampy ground, 
affects its durability. Also the locality, c.f/., a shaded or 
sunny slope, a damp valley, a cool, windswept upland, [In 
all these cases it should be noted, tliat in order to cause wood 
to decay three factors are necessary, lieat, water and oxygen. 
The exclusion of one of these factors su dices to preserve 
the wood. In very wet soil oxygen is absent and wood lasts 
long. The wood of mummy -cases is practically iinperishabk' 
in Egypt, where water is the absent factor. At Silchester, 
in Berkshire, three silver-fir casks were dug from a Roman 
well that had been filled with earth at the time of the 8axen 
invasion, presumably about l,dOO years ago ; this wood, 
naturally very perishable, is still in excellent condition in tln' 
Reading Museum, as tlie clay that filled the well had excludei] 
oxygen,— Tr.] 

The question whetlier, in order to i)roduce durable wood, 
fellings should be made in winter or summer is as old as the 
bills, and is really insoluble, as it is impossible to exclude all 
disturbing factors and experiment witli one only. In any 
case the difference in durability of the wood eut in sumiucr 
or winter is confined to the sapwood. [In the Forest of Rcan 
the boles of oak-trees are stripped of bark in the spring ami 
remain with their foliage transpiring moisture, .and link’ 
exposed wood evaporating it all the summer and autunni ; 
this renders the wood wlien felled in winter very dry, and 
must increase its durability. — Tr.] 

All articles made of wood for human use are liable to wear* 
and-tear, especially floors and street-paving. Hardness and 
high specific weight are the best qualities to ensure durability 
in such cases. As atmospheric influences also tend to destroy 
street-pavement, hard, deep-coloured heartwood of any tire 
is the most suitaljle material, c.r/,, oak, larch, pitch-pine, ctr. 
For this reason Australian hardwoods, such as Karri (E’lU’rt/yi'bi.'f 



DURABILITY. 


IU3 


versicolor) attd Jarrah (E. marginata)^ and Indian iron-wood, 
XifUn dolabri/ormis (Pyngado), are used in London. 

Woods wear away most rapidly when their radial or 
tangential sections are above; as, however, these sections 
exhibit the beautiful silver-grain of the wood, they are used 
for parquets, while in street-paving only the transverse sections 
are laid uppermost. 

The animals that reduce the durability of wood in 
buildings and furniture are chiefly insects, which construct 
passages in wood for laying their eggs and for the development 
of their young broods. Their presence may be detected by 
the occurrence of little holes in the wood and the exudation 
of boring-powder. Among the worst enemies of wood are 
little beetles and their larvie, such as Anohium tesselatum 
and A. pertinax (the death-watch) ; Tomicus imeatus (also in 
living trees) ; Dermestes, chiefly in broadleaved wood; Lmexijlon 
narale, in oak-wood in dockyards. Species of Tetropium and 
Sitrx bore into larch and other conifers. In the tropics, and 
even in Southern Europe, white ants {Tenuites) are extremely 
destructive to wood, sparing only very few species. 

: [{aiiilious rtie very Milijcct to he wuiineateii. ej>[)ecii\lly the yearling culm?, 
wliidi are very .'•ofi and N'ljijiy. Only \\ to ,")-yo;ir-old culms, which are 
tlioroiiglily lignitieil, should be uj-od ju? rafters, and these only after several 
iiionilis' soaking in a tanli.ur after lx:ing' lloated long distances in rafts tm a 
river. The natives of India l)elieve tliat baniUKis felled vluring bright nuHvn* 
light nights become wormcateu mucli more readily tlniii those felled during 
the dark lialf of llie month wlion llie mtKni does not shine at night. An 
experiment was made by the translator at Uehra Dun in 1 Sit'd to determine 
tills, and IfMj liamboos were cut during the bright iiVKudight and luO cut 
during the dark part of the month, and tlie former wore much more wormeaten 
than llie tatter. It is probable tiiat certain insects, the larva* of which attack 
bamljoos, ily only during tiie bright iiKKmlight nights, wlieti they lay eggs in 
the lianibotis, 

f’mtlicr investigations on this subject were made in Madra.s in ISUS and 
subseipient years, and llieso are de.scrUH.Hl by K. P. Stebbing in the jHfimn 
Forrater, November, lUihl. Tlic iiist'Cts in nueslioii arc Sitid to bo Dhu<der»s 
If'ti/niitx :iiu\ D. intiiuftiit, Tlie cxperiineiUs were not conducted scientifically, 
and Stebbing suggests further experiiiieiits to decide tliis question, 
hi. K. Wuakes, in a paper read before tlm American Institute of Mining 
hngineem and iirintetl in the TrojUral AgriruItHrtiliift for OctokT, stales 
'hat in the Kepublic of UoUmibia, in South America, *■ not only bamboos, but all 
' millers, are felled during the waning moon," 

'Uicnevcr poles conlainiiig only sapworni, or bamK}Os. are used for raftei's. 
*‘^ith‘iitly they sliould fx; driw! thoroughly ; when exposevl to smoke, aa they 
■‘'e in llie rcKifa of Indian huts, tliis provenb? further danger from insects. 
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Tlie wholesale tlestiiiotion of most woods in hot coinitnes by teriniUB, or 
white ants, is well known, and the number of woody species in India which 
resist their attacks is very limit(Kl. Even deodar wockI, in spite of the oil 
with which it is saturate!, is sometimes attacked by them, and the sapwood 
of every wood is eaten away very r.^pidly. The heart wood of sal (Shi&M 
teak, tun {(I'drelu 7h<on/), oboity, sissu Sinmt) and some 

other hard woods resist ihoir attacks, but in tlie case of buildiu;i*timber it is 
always best to saturate it with f/wr/«/coil, ext lac teal fiuiu Dift^rocarjni.s 



4Sa, — The Tturdo. (After ihppjM’)- 

Knj^ineeis in Iinlia should bo careful to erect orly soliil m.asonry- 
walls, and not leave crevices in them up which llie wliitc ants may ascend tn 
tlie roof of a buildinj^ ; also ih(“\ may mix ar-enie witli their nmrtar with 
advantaec. 

ft li.as often l)c<:'n siio^estcd iliat softer wchhIs if injcsdc*! witli creosote. 
sulpha‘e of iron or zinc, or corrosive suiilirnatc (bichloriilc of mercury), wjiul l 
l>e f<Hind to resist the attacks of wliitc ants. Imt no serious atteni[it.s have ri- 
vet Ix'-tn ntade in India to utilise injciAcd wr^j.!, Tenniles *«'cur every whciv 
in India, tip to altitudes nf about fi ct aljovc sea-level. 



Ki;:. ft. boring's (>f tiic Tch ilo, (After Uoppi*). 

In order to jtnoerve mu-'Ciim w^xKl '-pcr’iiuens from iris<.*i';|‘i, it is 1 m*s{ to dip 
them in a Wpluiion nf one part of cornf-ivr siddimalc to twenty }*aTts of wati r. 

Ethereal oils in vvrtsls, especially in tluisc that are siroti^ly sccrilc*!, prote t 
them from insect-attaekH, thotigh the jirt'scncc of resin is not nlway- a 
protection, 

Wood inuseried is froih^wotor is very dutaldc, even IxteehwrsKl lastiiii; fur 
centoties. lu the year lx.’S. twelve fjak piles of the Itoinan bridge near Aargaii 
came to the surface, and tlic WfKsl was Itard enough to be marie into toys. 

Wood siod in lea-waUr at shipping pr.rts ami store* of wnofi kept undi'r 
Water at thm places, arc subject to the attacks of rcjtain animab, Soiu': 
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small crustaceans, I/nnfwrk Leacli, ami f.'hfihra ter^bram,^ Pliilipjji, 

boro into and gnaw th(! smfact* of all woods in sea- water. The mollusk, 
Ttredo navali%j L. (Figs. M and :14), and other species of Teredo, are however 
the most destructive pests of south European seaports, Tcreilos attacke<l 
wood in tlie Kocciie pericxi (London Clay). 

Tcrcdo.s live only in sea- water and bore not only the sapw<u>d, but also the 
liciirtwcxal of all kinds of timber, except tlic -lariah + [h'nathfptva fUffnjhiKfa). 
Ships, the bottom of whicli aiv. not covered wifli cop|)Cr, suffer greatly from 
teredos. Woo<lcn ])i!cs used in luiibours, etc., may Ijc prolc'cted by being 
creosoted, but this is serviceable only wlien the wotxl i.s thoi'ougldy saturated 
with creosote; as coniferous wood imbil>es creosote l^etter than oalewoal, when 
creosoted it is better than oakwood for use in dams and other harbmr-works. 
Attempts have l)ecn made to [troteet piles in sea-water by studding them with 
liroa<blicadod nails, but the little teredos force tlieir way into tlie wcx>d between 
rlie heads of the nails. In tlie years 1S27 and IH.VJ, when the rainfall was very 
slight and the Dutcli canals near the s<*a coast became very salt, it was found 
that all the piles supporting the dams alojig the Dutcli coast were bored by 
teredos. A Commission was aj)pointe<l in Holland, in Is.V*. to enquire into the 
euises and possilile renuxli<‘s of iliis damage, and from its rcjxirt, written bv 
Y. Ikiumliauer and quoted in Ilatzebnrg's Fitrxt'uisirtru'kinuh' (bv Judeich and 
Nitsche, the alxive remarks iiave been taken. D is abo stated bv 

Naiiquette, 5} tiiat wiieii timl>er is stored in sea-ports for ship-building and 
harlxtiir-works. it .sIkiuUI he ke[)t eiilier in lianks of mud, or iu tanks in which 
Rurticient fresh-water is mi.xt'd witli sea-water, so as to render it less saline than 
is necessary for tlie life of the teredos. — Tr,^ 

Numerous fungi, chielly of J3iisitlioiuycetes, destroy wood. 
Tliis is j)rinfi[>nlly l>eciuiso wood lliut lias been already 
attacked liy fungi, in tlio forest, is brouglit to the market in 
a moist condition, or because air-dry wood is used in moist 
places. The innnber of sjiecies of destructive fungi tiiat 
alttick converted wtiod is much greater than those descfibed 
iu hooks. Should one lie obliged to live in a humid climate 
or in damp lioiises not only the most destructive of house- 
fungi, dry-rot (.Uc/tt/n/.'i Idcr'iinduA a[)pears, but also numerous 
species of VoUiporm^ ’iniuwhA and appear, which 

gradually destroy all the woodwork in a house. Most of these 
fungi attack first the sapwood of converted timber ami then 
the lieartwood ; some {Tramrtes) live in tlie heartwood only. 
‘Some fungi cause wliito rot, others rod rot, the wood in lioth 
teases becoming eventually a soft, cruml>ling, structuroles.s 
mass. It. Hartig has described the fungi destructive to wood 

' hl(! llotzeburg’s “ Fui>lin.R('Cteuk»nilc,'’ by .hitleich uml Nitsche, 18Sa, 
P. :!;{7 If. 

t ' >‘le “ Eiieyclupmaia llrit." ISSS, vol. xxiii. p, 1st. 

+ “ La-sleit,” «»yi. oif, p. f). 

) lies lUiis, ' lSt|s, 
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ill his classical works referred to below.* Regarding dry 
rot” Goppert and Hartig liave published treatises.! 

[The International Association for Testing Materials, Decem- 
ber, 1898, formulated two i|uestions regarding dry rot : — ■ 

1. Can infection of wood l>y d/cr/f/ofs lacrimans be recog- 
nised before it is used '? 

2. What are the best methods of preserving the wood? 

The former question has not yet been answered. For the 

second thorough drying and launtingthe ivood with antiseptics 
suffices. Creosote is the best antiseptic, but is intlammable. 
Vide Henry, Rev. das E et E, jiage (15, 1901, and September 1, 
1902. In order to test the comparative durability of certain 
woods Hartig placed lieartwood beams 10 0. in diameter, of 
tlie following species in the ground. The years given in tlu; 
statement below denote the period in which the wood was 
completely rotten. 


j Ye;«-s. iOYi'ajs. 


n Yi'-ut}. 


N(*i\vav maple. 

Lime. 

Hi roll. 
I’oplars. 

Uowaii. 


Silver-ti r. 
Spfui-t;. 


Oaks, 

Kims. 

Syeanmn*. 

riane. 

WeyiiUMiUi piiii', 

( [jaidi, robinia, and ScoN pirn* (IHt) vrai- 
(lid) Wi n; then ijUife iiUaef.) 


In the damp, ivarm air of mines, some experiments inado 
at Commentry gave the following results for pit-props, the 
species being arranged in their order of durability! : — 


1. Oaks. 

2. Scots pine. 
Alder. 

4. Ash. 

5. Maritime pine. 


(). Robinia, 

7. Willow. 

8. Maples. 

9. Elm. 

10. Aspen. 


11. Cherry. 

12. Birch. 

18. Hornbeaiu. 

14. Beech. 

15. Poplar, 


* K. Harli}', '• iJii; Zer«;l3'ntii'sor>'cb':iiimi;!'tru (U>h dt-r Nadclliolzbamii'’ 

u, dcr Eidi€,’' Horlin, 187H, “I,*lnbuidi d<T UauinkrankheiOtn,'' H 
Berlin, IslJlb Hee .ScIjIIcIi'h Mmni.il of vn). j|i, “Korot I’v"' 

tectioa,’' by W, li. KUher, 2iid ed., 

t OdpfKirt, '*l>er liivn?)sehwiinwn;’ Ilreslau, iSKf). 11. HurtiK, - IVr llaii'- 
Bchwamm.” Berlin, Ihs.'i, 

♦ These daoi are },dven by ilatlicy, n/. 
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As fungi do not occur below one or two feet from the surface 
of the ground, and bacteria that assist greatly in destroying 
^vood in contact with the soil are found only in its superficial 
layers and not in peat, deep immersion in the soil, or in peat, 
preserves wood, as has been stated already, — Tr.] 

6. Iledtimj-poice)' and ComhuHtibilitij of IFoor/.* 

There are various methods for determining the heating- 
power of wood. As burning w^ood takes oxygen from the air 
and gives out carbon -dioxide and water -vapour, the mass 
of oxygen requisite to burn a given mass of wood can be 
measured : the more oxygen is needed for the combustion of 
the wood, the more carbon the wood contaiiis and consequently 
tlic greater is its heating-power. Tlie amount of oxygen may 
be determined by burning the wood in a closed retort with a 
uietallie oxide (red lead). This chemical method does not 
give the utilizable henting-power of the wood but only the 
percentage of carbon it contains ; the variations in the mass 
of carl)on in wood wlien measured by weight are small, 
though if measured in volume, the results exhibit a steady 
relation between tlie boating-powor and specific weight of 
wood. The average vol nines of carbon, hydrogen, oxygen and 
nitrogen in wood and other coml)ustibles are given below : — 



c. 

H. 

0. 

X, 

Wood 

50 

6 

4a-7 

1-3 

beat 

59 

6 

34’5 

0-5 

Lignite 

68 

5 

‘26 ’6 

0*4 

Coal 

80 

5 

14‘0 

I’O 

Anthracite... 

95 

'2-5 

20 

0*5 


In physical methods for determining heating-power, the 
wood is burned with free admission of unlimited oxygen ; 
the mass of ice that is melted, or the quantity of water 
Ibat is converted into sleaiu, by burning equal volumes of 
dilleronl kinds of wo<ul, is then ascertained. Also the vise in 
temperature of a certain volume of water by tlie burning of 
tlie wood may be measured. 

hit?., hie lleumulerialen u. dcmi Ausnutzunjr/' 1877. Knolisschiukl, 
“lireiiiiweil vcnjcliaeilener HolxarK'n,” 18UO. 
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In the last method the amount of heat necessary to raise a 
unit of water C. is termed a calorie. The heating-power of 
air-dry ^YOod is given as equivalent to 3,020 calories, charcoal 
at 8,080 calories. Hence one kilogram of wood or charcoal 
will raise the temixn-atnro of 3,020 or 8,080 litres of water 
by P C. 

The latest results by Bersch * are as follows 

ilwU-iuiils. 


Charcoal ... 7,000 

Half- charred (red) ditto 3,080 

Absolutely dry wood 8,000 

Wood containing 20 p(U’ ceiit. of water ... 2,800 
Limewood ,, ,, „ ... 2,700 

staple „ „ ... 3,000 

Poplar ,, ,, „ ... 3,500 

Beech „ „ „ ... 3,500 

Spruce ,, ,, „ ... 3,250 

Ash „ „ „ ... 3,2(X) 

Hornbeam „ ,, ... 3,100 

Oak „ ,, ... 2,7(X) 


The heating-effect reckoiifal in calori(‘B, depending on 
weight, shows that there is lit lie differfuice in the heating- 
power of the (litferent woods. But as in (‘oinnierce wood is 
dealt witli by volume and not by weight, only statemeiii- 
giving the heating-effect according to the volume of wood 
con.sumed, that i.s termed the spocifle-hoat efifect, un? of 
practical importance. 

The following tubular stutenient gives the Hpecific-lieat effecls 
of wood as compared w ilb that of pure carbon 1,100) : — 

SCKMiar - nilAT K»'KKeT.‘^. 



Sirf'ciltc aii-<lry j Spr 


IRiinbtr.am 

Sll 

US 

Oak 

7*; 

‘jr, 

A^h and 

71 and 7'J 

24 

Maple 

7u 1 


Hirrh 

III) 1 

‘ 2 '.\ 

Scots pine 


20 

.Silver-fir and fipnicc 

17 and O’, 

la 

* Rer«oli, ” Die Verw^^rtuny d 

liol/cx auf Weif.' 

Wien, 
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Spkcipic-heat Effects 


species of Wood. 

Speciiie air-dry Wei;,d»t, 

Sjiecilic-heat efTecL. 



• 

Lima 

r>2 

18 

Poplar 

■ 1 ’) 

11 

Pail... 


Ha 

1 [jignitc 


77 

i eiiarcoal 


‘.m; 

I Carbon 


KJU 


The ihinl or economic method for detenoininnr beating- 
power rescmhles tliat in wliich wood is Ijurned in the ordinary 
manner. 

Equal volumes of different woods are burned in a stove or 
funiacej the heat of wliich is shown ])y means of a thermo- 
meter, or by. a steam-engine the steam from which is measured 
by a manometer. This method shows that iii order to hum 
wood in our ordinary stoves, so much air is required to keep 
up the burning, that half the heating-effect is lost by the 
draught up the (diimney. 

The scale given above shows that specific weight is the 
cliief factor in heating power, so that the heaviest wood in a 
tree, or of different species of trees, gives llie greatest heat. 
Only in the case of woods of nearly the same specific weights 
do other factors intervene. The measures detailed on page 58 
to produce heavy wood also ensure good heating-power, as 
specific weight and heating-power correspond. 

As lignin is richer in carbon than cellulose, every factor 
that increases the lignin in wood also increases its heating- 
power (<‘f. p. 7!)). 

The water contained in wood, as in sapwood, may attain 
50 per cent, of the weight of llie wood ; tlum 45 per cent, 
of the heating-power is used to drive off the water as steam 
and only a small jierccntago remains hn* heating the stove. 

As regards floated and rafted wood the same considerations 
*H'ply that liave iKion already described (p. 102). They are 
o^peciully liable to bo attacked by fungi, cluetly species of 
A special investigation of the fungi that attack 
flouted wKiod is desirable. 

Nothing reduces the heating- power of wood more than the 
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growth of fungi, which destroy the cell -contents and the walls 
of the woody tissues. Decaying wood has little heating- power, 
while rotten wood merely glows without any tiame. 

Ethereal oils rich in carbon, such as turpentine, increase 
the heating-power of wood. In the case of pieces of wood that 
have nearly equal specific weights, their possible contents in 
resin is decisive as to their greater or less lieating-power. 
The excellent book by Heinpel and Wilhelm’* gives the 
following heating-powers for conifers, that of beech being 
100, and con linns this statement for spruce and silver-fir : — 




ill drains of 
’ Kt'sin iH‘i' kilojrruin' (U‘ 
i Wwl (.Mayi) * 

1 

Spocilio \\\ i);lit. 

HMting-roHyr. 

Austrian pine 




•it 


Larch 


1 

r.o 

82 

Scots pine ... 


\ 42-:is 

:r* 

77 

1 Spruce 

1 SilviM-tir ... 

1 Wovniouth pnie 


nvdi 
s;t \ 

Lli 

78 

87 

.“ill 


Abnormal contents of resin, as at wounds and in the stump- 
wood of t)iues, increases the heiiting- power. Such wood u 
used for torches. [Stump-wood of the Iongleave<l pine, in 
the Himalayas, also used for torches, is sometimes resiiiniis 
enough to be translucent. — Tr.] 

Betulin increases the heating- power of the wood and bark 
of the birch. When birch is cut into small pieces it givts 
out heat rapidly, hut the beat is not durable. Split birchwuntl 
is much use'l by bakers. 

In utilizing the heat from wood there is much dilTereiia' 
in the various species. Woods which crackle and emit sparks 
when burning, and most soft woods, ni]>idly develop an inU-nx* 
heat of short duration. Such are larch, spruce, silver-lir, 
peeled coppice oak, swect-cbestnut [also young [limovootl 
and broadleaved softwoods ; these woods are used in bakers 
ovens and for pottery and glass-inaking.—Tr.] Woods wlnrk 
burn slowly and quietly with glowing embers produce eveotu- 

* (i, K. W ” Difj Hitiinic; u, SU'.'iiirhtiriltw WaM''". U:'’i 

1900 . 

' Djws Hstrz q«r Ka'lclliolzcr, ” jlct liu, 
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ally the greatest; heat, and are favourite woods for heating 
Bouses. Such are .the woods of beech and hornbeam, olive- 
wood, also that of evergreen oak. Finally, woods rich in 
resin, such as torchwood and older pinewood of all species, 
burn with long flames, but do not consume their carbon 
completely, and give out much smoke and soot. Such wood 
is excellent for steam-engines, 

Silver-iir twigs and needles are so rich in turpentine that 
they will burn wlien freshly cut. Larclnvood is a bad 
combustible. Julius Csesar calls it lifjnam if/ui impeneirabile.** 

7. Aptitude of Woods for heimi Worked, 
a. Bif Impfcmeuta. 

The reaction of wooil to cutting implements, such as the 
chisel, axe and plane, depend on the direction in which the 
force is used, and cutting is most difticiilt perpendicular to 
its libres, while cutting l)ecomes easier the nearer the direclioii 
of the force is to tlieir direction, because their splitting assists 
cutting. Hence with the axe it is easiest to cut obliquely. 
In the case of softwood the fibres bend before the axe, and 
lieavy axes are required, wliicli have more momentum and 
penetration than light axes. For hardwoods lighter axes arc 
usual, as the fibres do not bend l^efore the axe. 

The knife liardly deserves mention as a forest tool, hut, 
when used with the liaiul, its action unites that of the axe 
and saw more than lliat of any other tool ; it affords, there- 
fore, a snitalde test for classifying the degrees of hardness of 
woods approximately. 

Nordlinger, from average results obtained with different 
tools, gives the following classification of woods according to 
their hardness : — 

Hard as bone: Harl)orrv, box, privet, lilac. ' 

Very hard: Common dogwood [Coruus samn/h/cu, L), yellow 
<^logwood L.), whitehorn, blackthorn. 

Hard: Rol)i]iia, field-maple, sycamore, hornbeam, wild 
cherry, service-tree, buckthorn, elder, yew, pedunculate oak, 
mahogany. 

Fairly hard: Ash^ holly, mulberry, mountain - pine, 
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plane, quince, Turkey-oak, elm, beech, sessile oak, sweet 
chestnut. 

Soft : Spruce, silver-fir, horse-chestnut, black alder, white 
alder, birch, hazel, juniper, larch, black pine, Scots pine, bird- 
cherry, sallow. 

Very soft: Paulownia, Weymouth-pino, poplars, aspen, 
most willows, lime. 

[Great attention is paid in France to the cultivation of oak, 
and Mathey’s remarks on the different qualities of oakwood 
as grown as standards over coppice or in liigh forest are very 
appropriate here. The French distinguish /jois-jarth/rc from 
hois-ffras. The former contains a large percentage of summer- 
wood in the annual zones, and is hard and liorny, the wood, 
cliielly of pedunculate oak grown as standards, is dense, hard, 
and elastic, though subject to warp and crack. Such wood 
is particularly suitable for constructing buildings, ships or 
barges. Sawn oakwood of this quality wdien once seasoned 
is unrivalled for durability and beauty. 

The softer hois-^ras has le.ss summer- wood, so that the 
percentage of porous spring-wood is often equal or superiot- 
to that of the harder siiininer-wood. Such wood splits and 
breaks easily. Sessile oaks grown on rocky ground in densr 
high forest yield soft wood. Such wood is not strong, hnt in 
easy to work and yields excellent wood when split or sawn, 
especially when the silver-grain is exposed, it is suital)!e 
chiefly for indoor usage. 

* Mathey remarks that calcareous soils, which produce soft 
oak timber, usually yield the l>est beech, in which white^t'^^i 
and fineness of grain are the cliief factors of good qualilv. 
Ash yields its })estand most elastic timber on moist quatermirv 
alluvium, and its most brittle tiinlmr on dry oolitic soils. 
Tliat produced at the junction ladween the oolitic and li:i^ 
clay, where there [ire numerous s])ringH, is of internicdiat'' 
quality. Tlio l> 0 Ht ashwood is produced in Britain. 

In France, in the cjise of coniferous wood, altitudes helo^' 
1,600 feet yield soft, rapidly grown wood, with annual zones 
of 15 — 20 rain. Above this altitude the annual zones gradually 
diminish to 3—6 mm., and the wood is hard, clastic and well 
lignifieil, with a large percentage of summer* wood. Near the 
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limita of arborescent vegetation the wood has annual zones 
less than 3 mm. ; ii is light and soft, but extremely regular 
ill growth, and yields timber that is best for carving or for 
liuisical instruments. Ih*.] 

It stands to reason that hardness ia an obstacle to cutting, 
and as hardness has already been shown to depend on specific 
weight, the scale of specific weights (p. 64) affords a scale 
of hardness. 

Moisture in wood facilitates the work of cutting hardwoods, 
but ill softwoods it renders it more difficult (c/, p. 48). 

Toughness heightens the labour, but softness assists it. 
The soft, unelastic wood of Weyruouth-pine is easy and smooth 
to work; in this it surpasses all the other AhUtineae. Only 
species of Chamacci/parU have similar soft and iinelastie wood, 
and therefore are esteemed highly by joiners and cabinet- 
makers abroad. 

Eegularlty in the structure of the annual zones, straight- 
ness of bole and vertical direction of the fibres are favour- 
able conditions for the easy working of wood by cutting 
iiupleiuents. All knots, wavy or twisted fibres, or burrs 
increase the labour of ciiltiiig and planing, often more than 
iloes the extent of surface of the wood, for the chisel cuts 
irregularly into such wood, and the plane has constantly to 
be turned round while planing unevenly grained wood. 

The resistance wood oilers to a saw differs considerably 
from that offered to cutting ini pi cm cuts. The edges of the 
teetli are set in two parallel lines, each tooth with one or two 
cutting edges according to the nature of the saw. The teetli first 
scratch the fibres slightly, the second stroke penetrating more 
deeply and tearing from its basis the wood left between the 
two scratches made by the first stroke. Sawing is easiest 
across the fibres of the wood, when the saw is applied first to 
a radial section ; it is more difficult when a tangential section 

attacked, but most dillicult of all in the direction of the 
fibres, us when planks are sawn out of a log. The teeth must 
then cut, more or less, through tlie whole length of each fibre 
that it meets, instead of merely across the fibres (as with a 
woss-cut saw), and must also tear adjacent fibres apart. For 
such, Work, large teeth with a wide set are necessary. 

F.U. 


I 
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In broadleaved wood the softer and longer the fibres and 
the looser the texture of the wood, the greater the difficulty 
of sawing ; the section then becomes rough and much saw- 
dust is produced, indicatiiJg difficulty in the work. Sawing 
is easier for dense shortdibred wood, and smooth cuts with 
little sawdust result. It is therefore easier to saw hard 
broadleaved wood than soft broadleaved wood. Coniferous 
wood is the most easily sawn, on account of its simple 
anatomical structure and fine medullary rays. 

Moisture diminislies the hardness of wood, but increases 
the pliability of its fibres. In the case of hardwoods this 
increase of pliability is not great, and for most conifers does 
not appear to counterbalance the advantage of the softness 
of tile moist fibres. Hence, pine, larch and spruce woods 
are more easily sawn green than dry ; but in the case of 
certain soft-fibred, loosely textured woods, the pliability df 
the fibres counterbalances the advantage of moisture, as for 
instance in tioplar, aspen, birch, willow, etc., the limber of 
which is generally easier to saw dry than green. 

If we take the resistance to the saw across the fibres offered 
by beech wood as 1, (layer’s own experiments in the ease of 
freshly felled wood give the following results : — 


Scots pine, silver dir, spruce 
Maple, larch, alder 
Beecli . . . . 

Oak 

Sallow, asjieii and lurcli 
Lime, willow and |wjplar 


lU!sisianco to s^v, 

- O-oO-OMH) 
== 075— (f'.lO 

- 1-00 
=: 1-08 

- l'30-l t0 
1-80 


\Vith augura aiul other tools used for lioring wood, wliicli 
both split and cut, the work is easiest when commenced on n 
tangential section of the wood and therefore the boring 
radial. Boring from a tangential section is more difficult, and 
from a transverse section most difficult. Screws act like aiigui?^- 
ITsUs are driven into wood most easily from the transverse 
section, but then hold badly. It is difficult to drive nails 
wood that is coarse-grained, but as they then hold well and 
the wood has no tendency to split, such wood, c./;,, elm-wnod, 
is often preferred for packing-cases or boxes for tin-plates, etc. 
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h. Apfihtfle of Wood for heimj Ground into Pulp, 

When wood is to be ground into pulp for paper-making, etc., 
if its transverse section is placed against the rotating stone, 
the resulting triturated wood is like meal ; if the longitudinal 
surface be turned to the stone, the ground material is too 
coarse for paper-making. A suitable length of fibres for 
paper is produced when the pith of the wood is at an angle of 
15 to 50 degree.s to the rotating stone. Softwoods are easier 
to grind than hardwoods, they yield more pliable fibres that 
are more easily felted than the fibres of hardwoods. The 
wood of poplars, lime-trees, spruce and silver-fir are specially 
suitable for wood-pulp. Kesinous, brittle pine wood is less 
suitable. Heavy hardwoods are useless for this purpose. 
Aliy want of uniformity in the direction of the flhres, or 
ill hardness or colour, reduces the value of tlie wood. Wet 
wood yields long fibres ; unsound w’ood is useless. 

r. Aplifnilr (if Wood for hoin(f PoIiGird. 

Moderately heavy and moderately hard woods are the best 
for polishing ; it is more ditliciilL to make a smooth surface 
on very hard and soft woods. Tlie radial and tangential 
soctions are the easiest to polish. Woods witli large medullary 
rays are polished less easily than those with line rays. Large 
vessels evenly distributed that absorb much polish imply 
wood that can be well polished, especially when the wood 
lias a natural lustre. Mahogany, rosewood, satin wood, and 
the woods of ash, walnut, olive, pear, box, almond, pistachio 
and maple, polish well ; oak, nnilherry and cherry and most 
other broadleaved woods Jre less suitable, while conifers (except 
yew and rootstock of ValUim (inadrindria *) that have no 
vessels, can be polished only with difficulty and unsatisfactorily. 

(L Wood-hlrnr/tint/ 

fii wood-bleaching ^ the tannin, resin, etc. are removed from 
Wood by boiling it in a solution of potash or soda, and it is then 

MiUlicy, wlio states that lliis N. African wood is very beautiful. 

1 Mellttinnn, " l.elirhiH’li des Ileizens, Bleicliens, roliz.ierens », Laokierons <ler 
Berlin, IStn*. 
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bleached by calcium- chloride or by hydrogen -peroxide. Species 
of wood that are poor in taiiiun and resin, such as soft broad- 
leaved woods, are best for the purpose. It is more difficult to 
bleach the wood of conifers and oaks. Holly, hornbeam, and 
horse -cdiost nut are naturally the whitest of Euroi)ean woods. 

All softwoods are more easily stained than are heartwoods, 
as the dye penetrates more deeply into their tissues. Woods 
with numerous small vessels are more suitable for staining 
than those with a few large vessels, while coniferous woods 
having no vessels are not so suitable. Woods with hue 
medullary rays are mucli preferred to those with largf 
rays. Lime, pear, birch and maple are most suitable; then 
ash, oak, hornbeam and beech ; worst of all, conifers. 

/. i'yroijnqthtj, 

Pyrography, or poker-work, is the art of hurning designs 
into wood w*ith a red-hot platinum stylus, the design having 
been ]>reviously drawn with a lead-pencil on the wood and its 
lines then followed with the stylus. Kvengrained wood of 
Cembran pine, beech, lime, maple, and pale oakwood are useil. 

fj. StiUcibihf// of Wtiiftl f/i' ( ^/uu'c<K(l'7ntik{nii. 

Soft broad leaved and coniferous wood.s are charred more 
easily than hard and heavy woods. Pranches are more 
difficult to ebar than slem-wood and the latter than root- 
wood; water in wood is an obstacle to charring, Unsouiul 
wood and w(mk1 cut into small pieces is cliarred easily, Tln“ 
I 0 S.S of volume in charring heavy woods is about 45 per cent, 
and for light woods about 30 |>er cent. ; in all woods there is u 
loss of weight, in conversion to cliarcoal, of 75-80 percent., onlv 
20 to 25 per cent, of the weight of the wood remaining as chiu- 
coal. Charcoal from hard, heavy woods has always a greahr 
heating-power than that of soft woods, so that a scale of tbe 
best woods for charcoal making is prepared easily. 

h. Aptitiule of Wml^for Im/rrcynalion. 

Wood is impregnated in order to increase its durability. 
^Yoods resist superficial impregnation by liquids, as they 
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stains, when only boiling under ordinary atmospheric pressure 
is employed. If the liquid is pressed into the wood by pneu- 
matic or hydrostatic pressure the sapwood of all woods absorb 
it easily and thoroughly, especially when the antiseptic liquid 
is pressed in through the transverse section or a hole bored in 
tlie wood, and follows the course of the fibres (Hydrostatic 
method.) The presence of vessels facilitates the absorption of 
the liquid. The hearfcwood, on account of its dryness, and in 
hardwoods ])ecause the vessels are often filled with thyloses, is 
loss absorptive ; if also the heart wood is naturally coloured it 
will not absorb antiseptic liquids (oak, larch, and Scots pine 
partly). The abnormal reddish colour in beech heartwood 
also prevents impregnation. The more freshly cut the wood, 
the more absorptive it is, but dry wood, C8i>ecially of conifers, 
takes a longer time for the liquid to pass througli the walls 
of the tracheids. [It is, however, the practice in Ireland to 
season Scots pine railway-sleepers for twelve months before 
creosoting them ; tlie sleepers then last for eighteen to nine- 
teen years, instead of for only nine years if they are creosoted 
immediately on arrival at the workshop. If unseasoned wood 
be creosoted, the external layers enclose wet heartwood. Even 
after being eighteen or nineteen yeai's on the permanent way, 
the sleepers creosoted after seasoning are removed solely 
because, owing to abrasion, they become too thin (3J inches) ; 
they are still serviceable for many years as fencing-posts. — Tr.] 


8. Dim^intioua of T}w. 

W AX I M I [ Kir. HT-C ROWTH. 
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Tree-Willows. 

Hox. 
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1 Laburnum. 
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Nmway-niaple, 
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Cryplomcria japonira. 

Common juniper. 

WhIiuU, j 

Euonymus. 



118 


PROPERTIES OF WOOD. 


HKKJHT GROWTH — (‘OiitUiVed, 


I. 

iiDtoi'-orM. 

11, 

llto to ViO feet. 

1 in. 

1 <>.> to so fpft. 

(Handy Ui U.iOfi'Dt.) 

tv. 

Ifi to 50 feet. 

1 (Cliietly Slinibs.) 
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Yew. 
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dLVMUTOIlA, 

.\iistriiui pine. 

1‘cneil-coilni'. 

1 Viburnum. 

Tsu^ii 

Tiix<Hlimn 

Hi(‘kory. 

I’ornuB. 

1 Vlorteiisiniia. 

ilisiicliinn. 


I Samlmcns. 

t (Some of these 

riniis 


Syrinjja. 

j iniu' exoocil 



lUiiokthorn. 

j i:.o‘ feel in 

CUiinksiiiiKi.') 


Vlonnt.iin pine 

1 k-n.uUhO 



(tbunilioV 


[This list differs from that given by ^favr, so as to includo 
the economic trees and shrubs that are grown in the Britisli 
Isles. Under favourable conditions certain trees may pass into 
a higher height -class. — Tr.] 

The development of a tree in height depends on scverii! 
factors ; for instance, soil, (diinate and exposure to winU 
method of production as well as species. I'lie current height- 
increment attains its maximum in the pole-slagts then sinks 
again till maturity is reached, liecoming nil in trees wiili 
eventually flat or round crowns, such as Scots pine, silver-tir. 
or cedar, or in trees sucli as ash and horse-chestnut, where 
the terminal shoot hlossoms. (lenerally the heiglit-growtli is 
maintained longest when trees are in their optimum climate, 
on the most suitalde soil, and grown in dense but not in the 
densest crops. It has often been asserted that density 
of growth favours height in trees, and certainly this is true in 
the younger stage.s of growth, just as removal of side-branches 
in fruit-tree culture favours the leading shoot of a tree. In a 
group of trees of the same age, the border trees are shortest, 
and those in the centre tallest. 

Diameter-growth at first falls l>ehind ludglit-growlii, 
especially in dense crops, attains its inaxiinnm somewhat 
InUjr and ends with tlie death of a tree, for every inat 
forms an animal ring as long as it is alive. Only in very 
supjn’ossed individual trees, a cessation of diaimdcr-growlli 
alleged for the lower part fit tlie stem ; this lias not yet heeii 
proved. Diameter-growth is favoured by the admission of heat 
and light and the couHcqueiUly increased nutriment availal'h*- 
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9. Shape of Trees, 

Every tree has three parts, the bole, roots, and crown. In 
youth, the roots and crown preponderate over the bole, the 
formation of which begins at the 15th or 20th year. By 
silvicultural means a forester can regulate the proportion 
between the bole, crown and roots of a tree. Open growth 
favours crown and roots at the expense of the bole ; density 
of growth increases the bole at the expense of the crown and 

roots. 

On good soil, the bole an<l crown become relatively large, 
the former in a less degree than the latter. Other conditions 
being e(pial, crops of trees produce more volume per acre on 
good soils, which favour stem-timber, though more numerous 
but smaller trees grow on an acre of poor soil. Usually in 
close, mature woods, only 10 to 20 per cent, of the volume is 
lop-and-top (under three inches in diameter). Individual species 
vary in the proportion of bole and crown in accordance with 
the following statement. 


I. 


SpruaN. 

fiarclics. 

Hr. 

Silver- lir. 

I lie stem runs np to 
t<>[iti]<ist IiikI (if 
in 

ill sil 
liiiucs !l,S 
fiLvIiviy. 
arc small. 


II. 


I'inos, 

Tsu^ms. 

('vpresses, 

liUiitOh <if st(.'in t]e|H^n<ls 
on i'liinate and l»K*ality. 
In ojK'ii >;iowtii or in 
oM the stem ilivides 
into several l;u;4e 

I'OtlgllS 


III. 


n mad leaved trees iv.sem- 
ble pines in their ^^rowth, 
but .stem pre|>onder:itcs 
in the fnllowhiL: 

Quereus palustris. 

I’oplai's. 

Tulip-tree. 

Alder. 

Uireb. 

Ash. 

Sessile oak. 

Aspen. I 

Als> in beech and other j 
broad lea veil trees, ; 
when jrnnvn in dense 
erops, 


the ; 
the 

;nid hi'ioht i^rowlh, 
n'r-lir. eon- 
hnit; as the 
The liraiiebcs 


ilb! following statonient is compiled from results given by 
I foil and M. Hartig, with which those given hy Pressler and 
^'Uckliart have l)ceii compared. In the case of dense crops 
gtowii in bigii forest to an advanced age in good localities, 
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the percentages of bole, branch-wood and root-wood of different 
species are as follows ; — 


Spi'oit's. 


I Laroil ... 
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j- :;(» lltnsp. fiPi' llie bip|p-- 

r, III ' liave iM-en altered i.. 

1^ ,.,)i'n i.|)(nid with tlip 111 

12 l.’l ’ whii'li tlii'V (In lint, in 

ITi 2 i> Mavr's statenieid. 

12 l .*> Ti . ! 

2 n 2 r> i 

ir. 2.". 
l.'p 2n 
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Standards over coppice show different percentages of l.ol, 
as they are nnicli more Inancliy tlnm bigli forest tro’ 
especially when old. I.aiiiivecht gives the following 


ill ltol-s or l)iir<-i-n! 




Vp iVi V»..ir«. 

.-.pp iipn V-its 

nv< r I'n Vpm 
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Bwoh 


|n 
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le 

U) 
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As regards cylindricity of stem, tlio cleaner tiie. stciii i> 
from liranchos tlie more cylindrical it, is. Density of crop 
produces cylindrical boles; open growth, conictvl lioles. it 

has hecn asserted that the upper part of the stem is nourisls ' 
lietter than its lower part. Metzger ami Schwarz consider lli<! 
better nourishment of the top of the liole as the nec((ss.o} 
conserpience of the gradual construction of tlie tree accoidiUn 
to the laws of eijulhhrium. 

A measure of cylindricity is the form-factor, or tlie udi* 
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of the volume of the bole to that of a cylinder of equal height 
and diameter (at chest-height). Neumeister* gives the 
following form-factors, that of the ideal cylinder being 
100 :— 


Spu-ics, 

in Metprs. 

! 

Fartn-faolor. | 

spruce ' 

20 

r/i ] 

an 

.^0 1 


10 
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Siiver-tir 
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41 
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2u 
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i 

i Fs 
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i ui 
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ao 
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i 40 

! 
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an 
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Straightness of Bole. — This occui-vS when the axis of the 
tree runs in a straight lino. If the axis of a tree is bent in a 
single plane, or a branch and part of a stem have their 
axes in one plane, vai liable curved timber, or knees, may be 
formed, as in oak timber for ship- or barge-building. If the 
tree bends so that its axis is in two or more planes, it is of 
little value. Conifers are usually straiglit ; spruce, silver-tir 
and Douglas fir tbe straightest, then larcii and pines. Among 
liroiulleaved trees, the cherry, poplars, alder and sessile oak 
are straightest, but beech grows straight in a dense wood, 
and a mixture of beech with oak, sycamore, ash, etc., will 
■^traigliten the holes of those species in a remarkable 
manner. 

Percentage of Heartwood.— In all trees, lieartwood is 
formed after a certain age only, [two or thrott years for 
swcet-chostnut, so that mere coppice-shoots of this species 
have a largo percontago of lieartwood, and are very durable 
''lieu used for fencing. Mulberry, robinia, laburnum and 
farch also produce lieartwood in 3—10 years. Malhey states 
that in oak, when grown as sUindards over coppice, the 


• " Foi hl u. Jag«l Kukiuicr.' lyo2. 
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transformation of sapwood into hearhvood is somewhat as 
follows ' 
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Thus the convei-sion of sapwood into lieartwood proceeds 
irregularly, and not according to the anmuil /.ones. At first 
the percentage of sapwood is enormous ; later on the difference 
between the volume of new sapwood formed and that of tlie 
old sapwood transformed into heartwood steadily diminishes, 
until between !)0 to 100 years 0 (iual volumes of heartwood 
and sapwood are formed annually. 

Oiiks witli rapid growth and with smooth hark liave com- 
paratively more sapwood than slower growing trees willi 
rough hark, and those grown on north and east slopes havt; 
more sapwood than those grown on south and west slopes. 
Pedunculate oaks usually Imve more sapwood ('2— -8 C.) than 
sessile oaks (1 — 5 C.). 

In the case of oaks grown in high forest the conversion 
of sapwood into heartwood begins later, and is the earlier 
and tlie more active, the more light is given to the 
poles. Suppressed oaks often have no heartwood when 
2o years old, while old high forest tree.s liave more zoin-s 
of sa})Woml (18 - 2o) than rdd standards over coppici'. 
OaliH coming from the last thinnings have little siqi* 
woo<l. 

Hliinted oaks grown on impermcaldo London clay at 
Oxsbott, in Hurrey, have little sapwood and produce very 
hard wockI, snitalde for gate-posts. — Tr.j 
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Kayr gives the following data - 


nivniHli of Sapwood in 

CoiitiiiiidorN, 

Sprrcitf). 

Up t,n H 
;5 :> 

Yew, larch, oak. 

Scots [jinc, Weymouth [tine, spruce, si Ivor- fir. 

r.-m 

.Mai)les, olnis, ash, walnut. ! 

Over m 

' Otlier l)roa<l]cavca trees. ; 


As already stated, s^Yeet-chestnut, lahurnum, robinia and 
niidl)erry may l)e added to the first class of trees with narrow 
sapwood. 

Freedom from branches, or cleanness of bole, is one of 
the most important properties of economic timber. All 
superincuml)ent l)onghs and foliage shade the lower and 
earlier formed l)ranches and causes their death sooner or 
later, according to their greater or less susceptibility to shade. 
This natural clearance of tlie lower branches and foliage is 
tllWlive in trees in an open position only partially and up 
to ;i certain beiglit. ^Vhencvcr not only the crown of the 
individual tree, imt also the brandies of neiglilxiuring trees 
unite in giving sbado. as is the case in a dense crop, tiie lower 
lirancbcs of shaded stems must die rapidly, so that, hy a proper 
density of crop, a forester can readily ol»taiii boles tliat are 
clean up to a desirable height. ^Vllenevel^ by a lb inning, a dense 
(lop receives more light the death of lateral branches ceases. 

It is therefore evident that tlie early crowding of a crop is 
dcsii‘al)le, and all factors that retard this, such as wide 
planting, are prejudicial to the quality of tlie produce. 
AUeinpls to remedy this hv pruning are in the first place 
costly and the resulting produce is saleable only near large 
towns, whilst it is dangerous to tlie health of the trees. 
I'liining is useful as long as only dead branches are removed, 
1>'U when living liraiidies, especially over ‘2—3 inches in 
'htiiieter, are pruned away, eithm* callus growth covers the 
''niiiul and ath'cts tlie quality of the wood injuriously, or 
ion^i and inseids attack the wounds, while desiccation by the 
und nioislure from tlic air increase the damage greatly, 
breadleaved woods epicormic shoots that require fresli 
I'l’iining may spring from tlie edges of the wounds. 
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10. Yield of the Chief Species. 

Regarding the yield per acre in solid cubic feet of the 
principal species of North European trees, the following 
statement has l)een compiled from data given by v. Baur, 
V. Lovey, Kunzi, Schuberg, Schwa ppacdi >ind \Veis('. 
Quarter-girtli volumes are }|ths of those given, or approxi- 
mately one quarter less*: — 
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These figures are for pure crops ; for mixe<l crops nieasiii'o 
inents are not available, and averages taken from the ahnve 
figures will not give tnu; results, as a soil that is of t*iio 
quality for any species may he of dilTereut quality for aiiollit r 
species, owing to their diU'erent requirements in sriil, climato. 
number of trees, etc. As regards the produce of thinning>, 
figures are availalilo for pure crops, but they are rapi'lly 
losing their value, as now methods of tliinning are coming 
into vogue. 


E. Dkfkcts in Woon, 

1. Ifrfrrtirr Strurtiirc. 

(a) Ahnomal 'nsaurs. 

Abnormal parenchyma fcallns) covtaang wounds, wiili 
intermediate tissues eventually passing into orrlinary wood, 
may be termed occluding tiasuo. Whenever the hark <if :i 
tree is crushed or removed by any injury -such as heating 
to shake down fruit (eliestnuts, etc.) ; cutting in it iiauit s or 
ligures; alirasure by cart-wheels, falling trees, climhingu'roiis 

• For a arrount of flu; yir<M rif thr* iliffiTefU of Fni't'f'J 

trees, </. Schliitli’s *’ Manii.'il of ForcHlry,” vf)l. jjj,, ** Fomt MatiaK*’”'*’'**' 
3r<l etl,, VJfm, 
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(Fig. 45) (to obtain cones, birds -nests, or to prune the tree) ; 
or by exposure to the sun (sun-blister), hail, lightning, etc.— 
the injured cambium and wood is killed, while from the 
surrounding liealthy cambium and the parenchyma of the 
\V()od and cortex, an occluding callus is formed, the abnormal 
hbre-direction of which causes the wood to deteriorate. 

Pith-flecks are small occluding tissues that have closed old 
wounds in wood. Such pith-flecks are common in the wood of 
birch, alder and species of Pranus and Ptms : as they have a 
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biltliological origin, and may he absent, they .should not be 
in the identification of tliese woods. [Stone, oj). cit., 
stifles that they are due to short peripheral galleries made by 
liu v;e, which are afti>r\vards tilled by parenchyma. — Tr.] 
RoBin-golls (Fig. 40) are flattish hollows within an annual 
?-oiie of coniferous wood filled with rosin and vary from an 
ifisiignificant size to the length of one's hand. When large and 
ihunerouB they have a prejudicial effect on wood and may be so 
•Runcrous as to render Uie wood unsuitable for planks, laths, etc. 
llie cause of resin-galls is explained by Mayr* as an 

• H. Ma>r, " Oajj Har/. jk*r NttUeliiiilzn,” ISIM, 
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outpouring of resin into the cambium zone in early spring 
after onl}' a few spring cells of wood had been foimed, lh( 
mass of resin was isolated by occluding tissue, ischin*!; 
suggested that this is due to a wound, hut if so, why, aUviiy^ 
at a detinite season of the year and near ilie ciown of the lice 
as well as low down the stem? 
Tlie wound may, however, In- 
ca used hy an insect. The pm- 
valent opinion that resin-galk 
are due to a conversion of ihr 
cell-walls into resin has been 
provod by >fayr to be wron^r. 
llesin-galls occur in coniferous 
woods that have vesin-ducis, 
spruces, pines, larches ami 
l)ouglas-fir ; as they are patho- 
logical, notliing can be decidtd 
about the identity of woods hy 
tliLur absence, but if pn-ciit 
lloy distinctly [wove tluil tht* 
Wood is not that of silvcidirs. 
tsiigas or cypresses. Tlie woml 
of the latter trees, bowewr, 
sometimes has rudimentary 
rosin ’ducts, esjiecially on wood 
oc(dilding wounds eaused hy 
bad or frost. In wood with 
resin-ducts there may h‘‘ 
aljiiormal numbers of them in certain decades and in lUhch 
only a few. 

Gall-parenchyma, especially in bromlleaved tretjs is pro- 
duced by the stimulation of insects and their larva*. S[h*ck*^ 
of LarhniiSj a kind of aphis, form a gall on forest j)lantrf in 
which all stages of occluding tissue, from parenchyma to 
wood-tissue, occur. 
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Abnormal cell-formations resembling occluding tissue am 
caused by late frost in both broadleaved and coniferous ^^ood• 
Damage done by late frost to the cambium i» 
accompanied, in lengthening shoots, by a bending of tlie 
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either spiral or like a l)ow, and this is visible externally. 
Damage to shoots in their second or third year is not externally 
visible. If a frost comes in June, the injured brown wood is 
joined to the saiiie year's spring- zone of wood by a callus and 
is followed by Bubsequent frost-cankers. To an observer 
without a magnifying glass this miglit appear to he a double 
annual ring*. Mayr has noticed such frost-rings since 1890 
and in Fig. 12 a, h and Fig. 22, drawn from nature, pur- 
posely has represented some apparent double rings, but their 
origin has not been yet explained. 

A true double ring occurs only when there are two spring- 
zones and two summer- zones in an annual zone, in the order, 
early- wood, late- wood, early- wood, late -wood. Ibis is very 
rare in forests, but is frequent in towns, where the hot 
weather and an insufticient water-supply to the roots often 
.cause defoliation at the beginning of Angustand the growth ter- 
minates with late-wood. Then leaves reappear and sometimes 
dowers ; spring- wood is formed and passes into summer -wood 
at the end of September or in October, at the second leaf-fail 

Hence the formation of spring- wood without a second 
summer- wood is no double ring, hut a reduplication of 
spring-wood only, when shortly after early spring the tree 
loses its foliage by frosts, insects, lire, etc., and produces fresh 
leaves. 

If there is no loss of foliage, but a second crop of leaves 
appear, especially in oaks when lammas-shoots are produced, 
or late shoots in SepUunber in vigorous young plants, or ‘i— 1 
series of shoots owing to lopping licdges and shrubs, no 
irregularity is visible in the wood. 

If the anatomical structure of stem-wood is considered 
nomd, the wood on the lower side of boughs with very thick 
cell -walls is (limormal, and so is the root- wood with its very 
thin-walled cells, Tiie wood of suppressed stems with narrow 
annual zones is also abnormal and so is the wood of trees 
with very large zones grown in rich garden-soil. AVood with 
very thick, folded cell- walls, as on tlie lower side of boughs, 
on the eastern side of the root-stock, or on the lower side of 

^ ^R. linrtifj, Doppclrinjrc uls Folgc von Spiitfnvst.” Korst Nat. Z^Mtnng, 
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obliquely inclined stems was in 1896 termed red-wood l)y 
Mer. Schwarz earlier than this had termed extremely hard 
wood “ Druckholz,” tension-wood. The name “red>wooil' 
is unsatisfactory, as this abnormity is not due to culourinu 
matter but to the ^roat accumnlaiion of lignin. Abnormally 
thick col I- walls are red for the same reason that ice i.s 
blue. 

[IL J. Elwes in a paper read before tlie Surveyors’ Institu- 
tion in ItlOl,* drew attention to a form of oakwood known as 
“Brown Oak,” wiiich is extremely valuable and is used for ilie 
internal decoration of houses and for heavy furniture, llu- 
sapwood of these oaks is normal in colour, but the dark 
heartwood occurs throughout the stem, and branches wlicii 
ever the latter are sufficiently thick to contain heartwood. A 
group of young oaks were felled in Essex, not more tbaii 
12 to 18 inches in diameter, all perfectly sound and the 
heartwood of a rich brown colour. Woodmen in Essex con- 
sider that trees, which retain their leaves longest in winter, 
have “ red wood,” the local name for l^rown oak. Somt> of 
the most valuable brown oaks grew in liockingbam Bark, in 
NoiThamptonshire, and the junction of oolitic rock bcariiift 
iron-stone bands, with lias clay, appears to be favourable for 
this variety. Often brown oak is due to internal decay in the 
bole of a tree, I)ut sometimes it is <iuite sound. Owin;: 
to the great beauty and value of brown oak, it is udYi>iil'K' 
that experiments should be made to determine, whether itii> 
quality is liereditary, and what conditions of soil and lociiliiv 
favour it. Apparently it is not known on tlie Continent. 

Tiie .stump- wood of Erica called briar- wood 

the French forms large masse.s of wood that is linivy 

and with contorted fibres but even-grained, of a ricli 
lu'own colour and easily turned and carved. It is the I'cst uf 
wood for pipes. — Tr.] 

{b) Abnormal I hr e* Hon of Ftkch. 

Every wound disturbs tlie course of the fibres round llit 
occluding tissues; they are curved until several years idttT 

* //. Chapter on oak in ihc “Ttee^ of Great llfilaiu and Ireland.' 
Kiwett and Henry, 
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the occurrence of the wound and then resume their former 
direction. 

Stems are very rare in which the fibres run in the same 
plane as the pith, so that their course is straight. A spiral 
torsion of the fibres, that is more or less pronounced, is the 
rule. Twisted wood, or rather torse wood, for twisting 
implies an external force acting on tlie wood, may he left- 
inclined, or right-inclined, its direction may follow the 
apparent diurnal motion of the sun, or the reverse. This is 
without economic interest, for w'ood the fibres of which encircle 
the stem within thirty feet is useless fur sawing or cleaving 
whether the fibres bend to the right or left; it may, how- 
ever, still be used for posts, and Matliey says, for railway - 
sleepers. 

As some wood is perfectly vertical, the theory set up by 
lhaiiii and Goppert, that torsion is the result of tlie length- 
ening of the fibres as the tree becomes older, must be 
abandoned. The fact, that, in torse wood the transverse 
division of the mother cambium cells is usually in one 
direction only, ejf. to the right, whilst when straight-grained 
wood is formed, these divisions are alternately to the right 
and left (Hartig), is the effect only of an unknown cause. 

Pines are more subject to torsion than spruces or silver-firs, 
Scots pine libres always turning to the right in such cases 
(Matliey). Neumeiater states that all liorse-cliestiiuts (but no 
birches) have torse fibre. Torsion is common also in sweet- 
chestnut wood. There are certain localities, I'jj. stony soil 
and sunny aspects, where torse wood is very common and 
there the price of timber is remarkably low. * Straight- 
grained w’ood is recognisable on standing trees by the vertical 
hues of the hark- cracks and as foiled and peeled trees become 
dry the direction of the fibres is shown by the fine longitudinal 
cracks in the wood (Fig. 57, a and h]. 

Wavy texture forms what is known economically as curl- 
wood. It diminishes the utility of wood loss than torsion. 

[! 5 Uc 1 i a locality cited by Fernandez, op. rit., at Uanikbet, in tlie Ilima- 
cif Pinujt loHffi/oliti trees have torso libre, Mathey 

os I archiennes and Bt, Amaud, as forests where it is heralitary with oaks. 
'-13 er states that there is a Scots pine wockI near Trior, where SI nor cent, of 

uic trees are torse.— Tr.J 
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A slight waviiiess of fibre is very common and affects the 
quality of the wood but slightly. The shorter and more 
curved the bends of the fibres, the more the utility of the 
wood for cleaving is impaired. Its value for i)lanks 
increased b}" the beauty of its stnietiire, which may fonu 
highly ornamental wood, as when sawn into planks alteriiiiti; 
layers of fibres run in different directions and roHect light 

differently, Thu 
ripples may be in 
tlie tangential sgc- 
tion of the wood, a.s 
in Fig. 47, or in the 
radial section, wliuii 
the wr)Oil is termuil 
c o m m e r c i a 1 1 y 

“ htizt l,'' as " liii/rl- 

spruce ” or liazrl- 
oak. On the u))])t r 
side* of a junction of 
a l)raticli with ilte 
stem, or m?iir the 
roots, llie wood 
always wavy, itiis 
l)eing more markol 

in h roa d 1 ea vo'l 

trees. [The ri|)]ilrs 

of fil)res are iioi inal 

in satin-wnod 

{Xduthfuiflum fri'in 

tile West Iiidiosuii'l 

< 'hlonuifltni Sni>'- 

Fig. J7. A^ih-wwi with w;ivv libro. (jirl-W(i«j«l - ' , , 

ti'itia from Ceyh'id, 

so that the wood on longitudinal sections has always alt<‘i n:ile 
bands of brighter or duller lustre, according to tlie direrlioii 
in which the fibres are cut. The medullary rays also 
late. This beautiful wood is extensively used for the haclv^ of 
brushes. — Tr.] 

Mottled wood results from the shoots from dormant biulst 
which remain alive for years at the level of the outer binkj 
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in trees placed in a free position after being in a dense crop, or 
affected by wounds, disease, or pollarding, they may develop 
into (epicormic) branches. In such mottled wood the main stem 
need not exhibit any bushy external growth from the dormant 
buds, and its condition may be recognisable only by reason of 
the irregularity of the bark cracks, or by tlie scales of bark being 
small. Such wood is very inferior for planks and cloven ware, 
but its beautiful structure renders its sale-price very high. 

Mottled wood may occur in all species of trees, even 



Kig. IS. Trims VLM sc* section of liiivli jiidIIIc*! wvk):! witli nnmcruiis 
tlorniant shoots, lliis is coiiiiiicreiallv Iciun.'tl Swcdislj *• lih ‘ 

conifers (Figs. 48 and 49) ; it may be due to alternations of 
colour (p. 14G). 

Bird’s-eye maple is one of the most valuable forms of 
mottled wood; it occurs in all species of maple, and is 
specially beautiful and common in that of the sugar-maple 
(dtvr saccharinum) (Fig. 49). iiird's-eye oak* wood from 
pollard trees is often extremely beautiful and valuable. 

If the dormant shoots bifurcate and grow individually in 
thicknesB in concentric layers, large knotty swellings are 
ormed, often of considerable size ; they are termed Burrs. 
Ill small pieces such mottled wood, e.<j., iu waluut, birch and 
er, is valuable and iu common use for small articles, 

K 2 
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brackets, etc. Large burrs are generally unsound internally, 
and are then less valuable than the snmller ones ; they often 
bear epicormic twigs, 

[Matliey states that burrs from Con/lus colurnaj the tree- 
hazel of the Levant and Himalayas, are inucli used hv 


cabinet-makers, and so were 



Tli- hird's f vrs :iri- diuwn 
as MaiisvcrM; ,,f rlir (i.irnuuit 

♦li'xifs, Th'- !<iw>-r i^art (if Ok* pljifi; 
a .nhfiwti Ictiv.'tliww;. 


excrescences on the rootstock 
of CdltitrU tjnadriralvis, in 
Algiers, These latter burrs 
are produced by grazing and 
lires, and were highly prized 
for tlieir beauty l)y cabinet 
makers, ])ut as they have 
become extremely rare and it 
is desired to preserve the tree, 
they are no longer obtainable: 
probably the origin of tlu; 
Levant liuzel burrs is due to 
similar bad usage. Boiin- 
tinies, as in l)eecli, the dor- 
mant bu<is are separated finin 
tlie pith by the woody growth, 
but grow ill tile living curtt 
and form little round excre- 
scences, projecting from thr 
bark, being termed sphaoro- 
blaata. They are unite un - 
less. 

The rea.son for the forma- 
tion of hurra on trees is 
liy Mayr to be unknown. Evi- 
dently in many cases theyim*, 
due to injuries when tlie tri es 


were young, so that dormant buds low down ilie stem grew iit 
the expense of the latter, and not l>eing aide to develop into 
ordinary branches owing to re|>eated injuries, or to their 
position deprived of suflicient light low down on the stem, tli*'}' 
produced masses of contorted tissue. 

A fungus (Jhdhiora sphwrtndrg) growing on ash sapling^i 
lK>th seedlings and coppice-shoots, sometimes attacks tlicir 
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buds and destroys their leading shoots and branches, but 
lives on at the points of attack, forming globular swellings 
in the wood that are quite sound, until the sporaphores of 
the fungus break out and convert the swelling into a 
canker. These knobbed saplings form valuable walking- 
sticks and umbrella-handles. Similar knobs appear on oak 
and sweet-chestnut saplings and are very common in oak 
coppices on the Bagshot sands 


in Surrey. — Tr.] 

Damage by fungi, as in 
witches’ broom, cause abnor- 
mal swellings in wood, which 
usually are unsound and 
detract greatly from its value. 
Mistleto also (Fig. 50) causes 
an abnormal swelling, and 
eventually wood full of lioles 
on the trees which it attacks, 
preferably apple-trees, pop- 
lars, lime, silver-fir and white- 
thoni. These cankers, etc., 
are described fully in \o\. IV. 
of this Manual on Forest 
Protection. 

Swellings are produced 
art 1 fici al ly b y p r u n i n g sap 1 i n gs 
of dogwood, whitethorn, asli 
and oak, etc., in order to form 
walking-sticks and umbrella- 



Kii;. :,n. Silvrr-f!i- «iKy| injiireil bv 
niij'flobi, I iio iKuisbiri.Kvf the Ijitler 
rosenthle tnoihiliary niys, iji tlio 
tani;t‘n;ial atui raibal H'ctions of tlio 
wtxxl. 


handles; mottled wood also l)y lopping ash-trees M 
experience is require.! as to tlie possibility of produc 
healthy burrs artificially. 

Knottinesa of Wood.-The brandling of a tree bedns 
the budiling of the pith of its leading shoot. Every sidiae 

nected bv ir‘’'^M ‘’'“ 1 “'' «hoo'ts) is c 

the bra V ^ shoot. In conil 

and the verticils gives the year’s lieight-grow 

the number of verticils gives the age of the tree 2 
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to a certain distance near the ground ; the age of the base 
of the tree, where the verticils are obliterated by the barli, 
can easily be estimated. The true base of the year’s shoot, 
where the pitli divides, is in young stems higher and in old 
stems lower (on account of the obliquely ascending branches) 
than the apparent external position of the verticils : cf\ Fig. 51, 
where M is the pith ; after the wood has thickened up 
to 1, the external position of the verticil is above the true 
base of the leading shoot. In most broad leaved trees, except 

I ^ 3 15 



Fi;,'. 51. iiiliniil srftiun ;i ruMiir<:rotiN striii ntMl t>nin<’h. M. I'i’F 

Tti*' the hrriMi’ll-«‘r>(i<l j1m‘ Ulori' lodril it is, 

in cherry, the branches of which are 8ub>verticillate like tliosc 
of a silver-fir, the ramification is irregular and usually tlio 
age can be determined only by counting the annual rings. 

The annual zones of wood that lliicken the stem 
Itranch are firmly connected until the branch dies, as tliosi' 
at the base of tlie brancli bend and unite at one end witii 
vertical zones of tlie stem, and at the other end with 
obliquely ascending or horizontal zones of the branch 
(Figs. 51—58). The thicker the branch becomes, the niore 
the stem-fibres are curved and the greater tlie disturl)iiiice 
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in the normal course of the stem-fibres at the junction of 
the branch with the stem. The properties of wood that 
depend on straightness of fibres are thus impaired. 

When the branch dies its base is still nourished for several 
years and a callus is formed around it, as is the case with 
any foreign body in the stem, such as a nail. The longer 
the interval before 


the dead branch falls 
from the tree, the ; I ' . 
longer is the base of r ; 
the dead branch sur- 
rounded by occlud- 
ing tissue. Theswel- / 

ling of the wood ■ 

(between 3 and 4, 

Fig. 51), causes a cir- 
cular depression of 
the l)ark round the 
dead branch, which ' 

remains moist for a 
long time and hast- 
ens its rh'composi- 
lion. At length the 
branch breaks o(T 
and falls, owing to | 
its weight acting as | . ■ i . 
by a lever on its 



rotten Ijase. If this 
lover is shortened, 
by men break - 
logoff dead branches 


ri^'. .■'>2. Tjin,<;enti;ii s&nioii through .\ verticil 
of a Conifer. The kiiotj^, n n, finnly caniiet:ted 
\vitl> the woa.1, showing tlie U'nuty o| mjcU \v,x 3 *i ; 
l>, n small iiitoi UKsliafe knot tkit will fall on? when 
the plank i.s dry. 


01 firewood, a stump or snag remains, all of which becomes 
OCC uded Ri-ftdually, t„ the deterionition of the tinilK^r. Tlie 
earlier this hrauka-e of hraiicfies heRins in .a crop of trees 
10 more knotty and inferior is tlie tinilior it produces. 

it in.i 1-8 (FiK. 51) of the stem 

aiv, 'fi" 1 ? u*® of Iho •'raiicli, whicli, being 

C rf'''®*' '0 "■‘"■P 

■ Ig. o2 a), if the saw cuts l>etwctMi 3 and 4 (Fig. 51). 
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the planks contains the dead knot, which has no fibrous 
connection with the stem-wood ; the heavier, well-nourished 
stem -wood then contracts, and the knot becomes loose and 

falls from the plank 
(Figs. 52 h and 58). Jt 
is obvious that such con- 
ditions reduce greatly tho 
value of the planks. 

Knots that are firmly 
connected with the wood, 
dark red in colour and 
translucent in Hunlight, 
render the wood valuable 
for certain piirposi-s 
(wainscotting), especially 
in larch, Ceinhran and 
Scots pine, 
in .-Mninrnus hranclics are re- 

wo<xl, r.'iii-ini,' .1 kni't, ,, , 

moved when young, only 
the central part of tln' 
mature nteni is knotty : 
the resulting knolliiu'ss 
is SI) much less, the densi-r 
the c?*op wlien young :ind 
the smaller the knots. 

This is the reason wliy 
the outer nven-lil)red woihI 



Fiff, Tnin-vrrsf' -ortif^n f»f n. storn, thf' 
hrrinf:lH’'i of wliir h liavo jtnincd mrly. 
Tfio ('Xtornal wtKKl 'm 


of old trees is excel Init 
for sawing and cleaving 
(Fig. 51). The evil of too 
early thinnings, owing 
the consequent mainten- 
ance of branches which 
form large knots in tin; 
wood is also obvious. 


Double or multiple heartwood — This occurs wlien a tree 


has two or more leading shoots, wliicli grow up together and 
eventually form one stem (Fig. or when hy iiiultijih' 
planting, or excess of natural regeneratif)n, two or more jdiuils 
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coalesce eventually into a single stem (Fig. 55). As a rule one 
of the stems grows slowly and eventually dies. Oneof thedouble 
leaders should be removed in cleaning the young plantation, 
but if previously it has been overlooked it should be removed in 



the thinnings. If not removed before 
it is about four inches in diameter, 
then, in the case of conifers, owing 
to slow occlusion decay will certainly 
affect the wood and will infect the 
remaining stems also. If no leaders 
are removed, their united bole be- 
comes a breeding-place for insects. 
I'iVen if oneof the leaders is removed 
the remaining stem will, when 
mature, be swollen at the base and 
probably unsound. It is tlierefore 
best to remove th(3 plant entirely, in 
the case of conifers. 



Fij». -I><nver |iart Fiji’. Fnioji i'f 

of .an old Its into onc’ slom, while two r*tlicr 

swollen Ixise (lein>tes hnuiclu's have also coaKvecd 

oil her <I<ml>1e Iieni t- with the main stem, 

wood nr red* rot. 


hi young plants, double leaders often result from 
Injuries to their original leading slioots by game, and less 
bequently from those by insects or fungi; also to the 
desti action of the terminal Imd by birds, hail, wind or late 
lo.st. As plants are specially lialilo to tliese dangers in 
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clear-cuttings with subsequent planting or sowing, merchants 
prefer wood from naturally regenerated crops. 


(<*) Dofech in Sound Wood, 

Heart-shake occurs when radial cracks extend from the pith 
outwards ; they are visible on tlie transverse section soon afttr 
the tree is felled. In conifers the heartwood of which contains 
onl}’’ sufficient water to saturate the cell- walls, heart- shai^c is 
seen as soon as the tree is hdicd, 
for the heat caused hy friction of 
tlie saw di‘i(\s tlui wood so as to 
cause a hue crack through tlu^ 
pith, wiiich exposure to the air soon 
opens more widely. (Fig. oT ni. 
\Vln*re there are several such 
cracks, tho dtdect is terniod 
shake. an<l simple heart-sliake. 
wh(‘ii there is only one ; in the 
latter ease, by sawing parallel [n 
the crack, excellent planks in;iv 
be [irodiiced. 

Air-cracks aix* <lne aUo tn 
sfirinkage ; they a[)pear puralhl 
n to tlie ct)urse of the fibres on tiic 



Kif;. .“j7. (ft) Straiclit-liUri'd 
with i-ri its 

.'irul !H'arr-«li;ikc Iran-- 

vrr-c section (h) l<.r-c-fihii •! 


surface of sltnns ibab have 
Htrippetl of tlieir bark (Fig. 
and It) ; if the wootl is ra 


iurll 
,■>7. 'I 


-Hy 


stern. ;ig., with win-i- tht^se cracks iiiav peiietniie 

.-h.'ikc f.ri it-- fr:in-vcr>c . * . .t . * i i . 

deeply into the .stem atnl n -iiKe 
the value of the wood for jdanks, etc. Tlio luetboils df 


combating tliis defect are di.sctisHed in Fart ^ Ih 
Wind-shake occurs usiuilly in trees that liave been givt-n jui 
open iK)8ition late in life, Hiicb as iiiollHn* tn'esdt^stined for nainral 
regeneration. When tree.s Hiublenly i.solated are blown 
by the wind, wliich the liardt-r tissues of trees tliat bavt* ahv:!} - 
KhKxl in the open can resist' belter, and the fibres of ibc 
separate along an annual ring forming aredike sliJike> 
(Fig. 57 h), it is chieHy the base td tlie stem, iiji to a 
of 3 to b f(Mit, that is extsised to these cracks, owing to tl'** l"*'p 
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iever of the bole between it and the crown of the tree. They 
occur chiefly on the eastern side of the stem, are less frequent 
on its western side, but hardly ever appear on its northern 
or southern sides, as storms rarely come from these directions. 
In very exposed localities, besides the tangential cracks, there 
imay be a radial crack running through the pith (Fig. 57 6). 

Wind-shakes are more frequent when the centre of an 
affected stem has very narrow-grained wood. Trees in 


selection forests, which have stood long in the shade as poles 
with very narrow zones of wood, begin 


abruptly to produce broad zones when 
the shade is removed, so that at the 
margin of the narrow and broad zones 
the circumferential coliesion of tlie fibres 
is weak, and the resistance to bending 
strains differs in the two kinds of wood. 

Cup-shakes in the heart wood of trees 
resemble wind- shakes in appearance, hut 
originate in a different way, being due 
to injuries received wlien tlie tree was 
young. A portion of the hark of the stem 
or root-stock of a sapling or pole may 
be abraded by deer or squirrels (larch) 
by resin -tapping, contact with wheels or 
with falling trees, etc., oi owing to the 
deatli of part of the cambium and bark 
by forest fire; this produces an occlusion, 



Fiu'. .’>8. {ti <0 Surface 
pecli'ti bv <}ocr. (A A) 
WixhI occluding the 


which, if the injury is slight, gives rise wound and sui>se-iuent 
merely to abnormal direction of the fibres, 
but if a larger part of the wood is exposed, to decay of the 
subjacent wood. The decayed wood is not then connected 
with the overlying occluding tissue (Fig. 58). 

Even ants starting a nest at the base of a tree affected by 
root-rot may, by gnawing the soft spring-wood of conifers, 
pioiluce cup-shake, as in silver-fir attacked by I'ltmes aninisiis 
Vol. IV.). 


Neither wind-shake nor cup-shake extend further than 
over a certain part of the circumference of an annual 
'■one; it the damage should extend all round the zone, 


140 


PROPERTIES OF WOOD. 


it is termed ring-shake, and will be described in the next 
section. 

Frost-crack is a radial crack occurring on a standing tron 
at very low temperatures. This form of damage is commoner 
on sweet-chestnut, oaks, walnut, ash, lime, poplars, elms and 
maples than on conifers. Of the latter, the silver-fir suffers 
most and Scots pine and spruce less. It is very rare with 
beech and aspen. 

[Turkey-oak suffers more from frost-crack than does 
sessile oak and the latter more than 
pedunculate oak, while ^Fathey states 
ihiii Qnrrcux fardinahiia suffers less than 
ordinary pe<iunculate oak. Fuller details 
about frost-crack are given in Vol. IV. 
-Tr.] 

K. llartig explains the cause of frosl- 
cracks, as follows: during frost, water 
leaves llie cell-Nvalls the more abun- 
dantly the lower is the tem|>eratnri'. 
until owing to tlie consequent drvin;,' 
of the wood, tlie latter cracks. Accord- 
ing to Mayr, this explanation is ^vro^J,^ 
All physical and mechanical phenonnni:i 
in fni/.en wood, as well as Mayr's own 
experiments, show that water remains 
in the tissue walls of frosen wood. 
Tlie cracking of the stem at very low 
tenijieratures (about — *2o C- or — l:i I'.' 
is due to contraction by loss of heat and this rosiilt> 
naturally in a rarlial crack, for the outer layers l)ecoine coidot 
and contract the most. When tlie weather Ixscomes wanner, 
the crack closes, in the next growing-season the wound 
occluded, but the crack opens again the next cold 
and the repetition of this cracking and occluding produces the 
projecting frost-rib (Fig. fdl). Generally such stems ioc 
useless except for cleaving. 

[Frost-cracks are quite common in Windsor Forest, botli m 
oaks and sweet-ciiestniit trees, though the lowest teinperaiun* 
recorded in the o|>en at Cwper’s Hill, close to the forest and 



Ki;;. -V.*. -Krii-.t-fTack atid 

Th<; riilur 
cra'.'ks <in thi.- triOH- 
Vfrv; M-rlinn ;iri; <liie 
to Uosiccatiftn, 
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at about the same altitude, is 10*1° F. in February, 1895. 
Hess gives — 18° C., or 0° F., as a sufficiently low tempera- 
ture for frost-crack, and it is evident that frost-crack occurs 
in the British Isles at temperatures considerably above - 13° F. 
-Tr.] 

Damage by lightning is fully discussed in Vol. IV., and 
here only some points brought forward by ^layr will be given. 
R. Hartig has proved that lightning strikes trees more fre- 
quently than is usually believed often causing numerous 
little wounds in the cambium, tluit are eventually occluded 
but become externally visible as the tree gets thicker. 
Conifers usually die when struck ; broadleaved trees may 
occlude the wounds. Usually oaks, spruce, poplars, larch 
and pines are considered as most in danger, while beech is 
said to be immune. Hartig, however, has shown that young 
beeches are struck by lightning but that their wounds are 
occluded. 

Usually wood struck by lightning is so completely shaky 
although only one external crack may be visible, yet so 
many small cracks have branched from the principal one 
through the wood, that when it is sawn into planks or 
scantling they eventually fall to pieces. 

The holes made in trees by woodpeckers may be noted 
here ((/. Vol. IV.). 


{(I) iJimised Wood-Jibresr 

Internal disease in wood, rottenness in stem, roots 
or branches, is discernible externally by scientific observa- 
tion only. Stem-rot is merely a continuation of disease that 
originated in the roots or branches, or is caused by wmunda, 
or by diseases that are visible externally, such as cankers. 
The earliest visible signs of disease are discolourations. As 
long as abnormally coloured wood is still hard it is quite 
Jitilisable, provided that by rapidly drying and using it only 
in dry places (interior of houses, etc.) the growth of the 
mycelia of the fungi and consequently the spread of decay 
^re arrested. 


Hartig, “ Lchrbuch der Baumkrankheiten/* Ucrlin, 11*01, 3txl eil. 
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2. Defects in the Physical Properties of Wood, 

(a) hiscolouration. 

Any iibiionnnl discolouration of the sapwood or heartwood 
usually denotes disease and the eonimenceinent of decay in 
wood. Many fungi may be determined specihcaily by the 
nature of tiiese colouretl stripes or specks in wood. Soiiie 
abnormal colours, however, do not denote any fungoidal 
attack, as when pale zones resembling sapwood appear iti 
the heartwood of oaks, in the pale heartwood of suppressed 
stems, in cold climates or in the rootstock of several species 
of trees. 

[In oaks the pale heartwood forming a zone 1 to U intlies 
wide in the midst of the normal heartwood and termed 
mondritnj, or Innnre, on the Continent, may here be called 
internal sapwood to distinguish it from wind -shake and cuji- 
shake, when the defect is con lined to a part only of an annual 
zone. It is termed ring-shako, when the central lieartwuod 
is loose. Internal sapwood forms the sul)ject of lui important 
paper by Emile Mer,* from whicli must of the following; 
paragrajihs are taken. 

Severe winter*frost may kill the camhium of a tree, iu 
which case the tree dies. In other instances, it is foumi that 
the sapwood just inside the cambium is killed, but that the 
cambium is nut killed, and continues to produce wood 
externally. In such specimens the central zones of ^\ood 
have no connection with the external zones, a dark 
usually separating the <lead and living woml. There no 
external evidence of this frost ring-shake, but when the irte 
is felled the internal core of the wt>od separates at once from 
the external wood. Specimens of frozen wood are in die 
Oxford Forestry Museum and in that of the Forest of hcan, 
where not only the main stem of an oak, hut also its brancliL'>i 
are in this condition, the internal wood Ireing ipiite loose from 
the external wood iti which it rests like a metallic castiujl 
in its mould. In this case no decay is discernible in eiilmr 
the external or internal layers of the wood. 

It may, however, ha2)j)eD, as in the cases described by 

• !kjp|K! ut Mer, " La lunuri’," Ucv. lies Kuux cl ForcU. 
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that the sapwood immediately inside the cambium is not 
killed by the frost, but its vitality is so impaired that it 
cannot form th}' loses, nor is its contained starch converted 
fully into tannin, as in ordinary oak heartwood. Such wood 
is therefore internal sapwood, differentiated from normal 
heartwood by its light colour and by the presence in it of 
starch ; its vessels also are without thyloses, so that it a])sorbs 
antiseptics which normal oak heartwood will not absorb. 
Hence if a solution of sulphate of copi)er be poured on the 
transverse section of the wood and the wood dried, the 
internal sapwood has a bluish tint, while the normal heart- 


•wood retains its natural colour 
Histoiy at Nancy, showed 
[that both external and inter- 
bial sapwood contains only 
up to 2 per cent, of tannin, 
while heartwood contains 
6 to 7 per cent., the quantity 
diminishing as true sapwood 
is ap[)roache(1 . 

Mer examined luiuierous 
specimens of oak wood at 
Nancy and found that tlie 
most recent ring- shake in 
them dated from 1879, a 
severe frost-year, after which 


Henry, Professor of Natural 



for several years narrow annual zones of normal heartwood 


w’ere produced, followed by zones of heartwood of ordinary 
width. The zones for several years anterior to 1879 were of 
ordinary width, but were not converted into heartwood, and 
formed the belt of internal sapwood. Mer found many cases 
of internal sapwood dating from frost-years earlier than 1879, 
such as the severe winters of 1829, 1794 and 1789; those of 
1879 were quite sound, but those of 1829 were red, showing a 
commencement of decay, and those of 1794 and 1789 were 
blown and decayed, emitting a fetid odour not found in wood 
suffering from red-rot and said by Mathey to be caused by a 
decomposing ferment produced by Amylobackr. Fig. 60 shows 
internal sapwood, («) sound and {b) unsound, though it is not 
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usual to find both sound and unsound internal sapwood in tlie 
same zones. 

Nanquette states that it is difficult to detect by mere inspect 

tions sound internal sapwood in oaken staves, as when tla* 

wood is loiij,^ exposed to the sun and air its tint becoiia-.s 

indistinguishable from that of normal heartwood; it mav, 

however, be detected readily by pouring water on the wood. 

Internal sapwood is as perishable as ordinary sapwood and 

soon decays in beams, and in planks gets w’ormeaton. Mathcy 

says that much parquet fiooring near Lyons containin'^' 

internal sapwood lias been attacked by Lf/rtus raniaihihui. 

Wooil contaiiiiiif' 

internal sapwood 

wlien used for 

staves rend I IS 

them brittle, Sf) 

that casks tliii' 

made are 

strong and givi- 

a mouldy 

to wine. 

Tills d(*f(L[ 

occurs in iiH 

kimls of "itk- 

wood, iiccnrdin;' 
liL' ‘il. -Jiuc.-liwifMl injure' 1 1)V lio;. (After n<ii»i>e.) ,, .1 • ■ 

^ ^ to Matliey; u h 

commonest in the wood of sessile oak, being rarer in tlmt nf 

pedunculate oak, while QuenuH tanliHHima [rhenr •/ '/'''■ 

w’bich may he named the June oak, upiiears to lie exi iiq'i 

from internal sapwood. 

Burned Wood. — The cambium of standing trees may l>o 
killed by fire or by the sun, the latter causing 8un-blister, or 
bark'Bcorcbiiig, which is described in Vol. IV. Fig. 01 
a section of beechwocxl injured by fire. Beech and ash arc 
specially liable to this form of injury owing to fires made In 
wood-cutters, but also frequently ScoLs-pino trees are remleriil 
unsound at their buses by ordinary forest fires. Such wood 
is useless except as firewood. — Tr.) 

Wood with red or brown streaks is not uncommon in sjiriicc 




DISCOLOURATION. 


145 


or silver-fir, but somewhat rarer in the Scots pine. These 
streaks occur in two forms. Red streaks appearing simul- 
taneously from the external surface towards the pith, through 
the whole length of a log, are caused if a barked log with 
superficial air-cracks is floated or rafted, or placed in a wet 
place. It is especially the air- cracks from which the red 
streaks start, that induce the growth of fungi the nature of 
which has not yet been determined. The longer the influence 
of the unfavourable environment continues, the deeper goes 
the mischief, which first affects the sap wood. Such wood is 
more or less unserviceable as timber, according to the extent 
of the decay to which it is subject : Hartig and Sepp have 
written on the red streaks in the wood of spruce and silver-fir 
from the Bavarian Forest, but the above remarks are founded 
chiefly on Mayr’s observations. 

A second form of red streakiuess starts from a centre 
of decay, either in the stump or roots, or from the occluded 
snags of dead branches. It extends both up and do^Yn the 
stem. 

Blue- streaks appear in the sap wood of logs of the Scots 
pine w’hen they have been exposed for some time to damp, and 
a fungus, Ceratostoma /a7f/n'u, has gained admission to the 
wood owing to injuries to the bark. The commencement of 
this disease affects only the colour hut not the hardness of the 
wood, tbougli Bcliwappacli and Biideloff have shown that its 
elasticity is thus impaired. 

Black-streaks in the sap wood of spruce and silver-fir, so 
that even the whole of a cross-section of the sap wood may 
become completely black, occur in logs which have remained 
lying for some time unbarked. When spruce logs are felled 
and stripped of bark in summer, drops of turpentine exude 
from numerous horizontal resin-ducts, and, between these 
drops, the wood in a tew days becomes grey and gradually 
blackens, so that it appears to be spotted. The fungus tlint 
causes this penetrates the borings of Tomivus liiivatitSy from 
which also black streaks enter in the wood. 

Bark-blue streaks are the first symptoms of the destruction 
of wood by two most dangerous fungi, Fames annosus and 
honey -fungus (Armtllarca mellea)^ both of which cause 

F.U. I, 
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root>rot in conifers. Usually they are found only at the 
lower end of logs. 

Violet- coloured streaks and bands penetrate the heart- 
wood of many species of walnut, e.g., Juglans regia and 
J, Siehohliif instead of its being of the usually uniform brown 
colour. These are not signs of decay but raise the value of 
the wood, for the mottling of the wood may be due to alterna- 
tions of colour as well as to ripples in its structure- The 
woods of deciduous species of Diospgros, that grow in warm 
temperate countries, have alternately dark and light grey 
bands of wood. [Similarly, alternations of black, brown or 
grey colour occur in the heartwood of numerous species of 
Indian el)ony-trees, the most striking of which are D. Knrni 
and D. quaesita,i\iQ latter yielding Calamander wood. — Tr.] 

A bluish-green tint is assumed by the wood of all broad- 
leaved and coniferous trees that are attacked hy the fungus, 
Pe^isa aeruginosa, this is chiefly the case with logs and 
branches lying on the ground in moss or dead leaves. 

White streaks occur in the woods of oaks and other species 
when attacked by Stereuvi hirsutum and other fungi, and they are 
then said to be white-piped. 

Tho white spots on a brown ground known as partridge- 
wood, though Mayr says tlmt the German word for this is 
Rehhnnt (fawn-coloured) and not JPUiuhn (partridge), isdtu't ) 
Thi'h’phora Prniir, the true name of wliich is said liy Massie 
to be SUremn J’nistulosum. Wood attacked by Train' u$ 
Pini is spotted with white, and if by Fomrs anuosuft {'Trains 
radiriprnia), with black spots on a white ground. 

The red or greyish-brow’n coloured heartwood of becdi, 
termed also false heartwood of beech, has been invesligauil 
by Mayr. Ho states that there are two kiiuls f>f llu^ 
abnormally coloured heartwood: 

Colouring-matter round tho pith, which has possibly 
a similar origin to the colouring-matter in tho heart- 
wood of other species and has similar properties, namely, 
that of increasing its durability. When it appears iJi 
irregular patches on a cross-section of the wood it 
prejudicial, as these patches can neither be stained 
impregnated. 
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[E. Hermann* states that the red heartwood of beech is 
caused by the obstruction of the cells of the medullary rays 
and part of the fibres of ordinary heartwood by thyloses 
and gum, which completely fill the vessels. Crystals of 
oxalate of lime also occur. The gum is formed from starch 
by metastasis. Red beechwood is harder and heavier than 
normal beechwood. It is quite impermeable by water and 
antiseptics. When occurring in patches it is not a commence- 
ment of decay but a defensive coating cutting off injured parts 
from sound wood. Mycelia from rotting wood cannot infect it. 
Certainly it may be used for railway- sleepers, being more 
durable than beechwood injected with zinc-chloride. Although 
creosote will not inject red beech heartwood, the latter is of 
itself highly durable and when the softer wood around it is 
injected it is perfectly safe from fungoidal attacks. Mathey 
states that its price in France, owing to the prejudice against 
it, is about 2d. a cubic foot less than ordinary beechwood. 

This red heartwood must not, however, be confounded wdth 
unsound beech heartwood and it is probably owing to the 
possibility of confusion arising between them that timber - 
merchants object to purchase it. — Tv.'j 
2. True decay in beechwood is caused by a brown or 
greyish-brown colouring-matter. According to common 
opinion, decay in heartwood originates when decomposing 
matter from broken boughs, snags or holes in the upper part 
of a tree descends the stem. But irrespective of the facts : — that 
decaying heartwood surrounds the pith ; that in the central 
zones of heartwood there is scarcely any movement of water, 
which in trees does not follow gravitation, and that the injured 
vessels of branches become filled with thyloses, wdiich are so 
many obstacles to tlie passage of colouring-matter that does 
not proceed from cell to cell ; — no reliable proofs are forth - 
conun g to connect decay from broken boughs with decaying 
heartwood. 

^fayr states that injuries by mice or voles to young 
saplings cause decay in the heartwood. If the gnawed 
Bapling is not girdled by such an injury, the exposed wood 

Kembildung der Rotbuchc, " Zeit^chritt f. Korst u. (Vtolwr, 

2. Mayr says that rail way -sleepfirs abould not be made of red beechwood. 

L 2 
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becomes occluded, but only after incipient decay of its 
surface ; this decay proceeds slowly round the wound in all 
directions, so that when the tree is ripe for felling, from 5 to 
20 per cent, of the cross-section at its base and about 10 feet 
of its length are affected. This unsound heartwood is liable to 
further decay and cannot be impregnated by antiseptics. 

It is usually difficult to diagnose the health of a standing tree. 
The presence on its stem of bracket-like sporophores of Polypori 
and other fungi is a certain proof of unsoundness ; all other 
symptoms are deceptive, such as; projecting occluded lumps in 
the stem ; swellings in the stem especially near its base (Fig. 
55) ; partly occluded snags with central depressions ; presence 
of ants or mice among the roots. There is no difficulty in ascer- 
taining whether or not a felled tree is sound ; the axe can be used 
to cut into projections on the stem, while an inspection of the 
sawn surface of its base is usually sufficient ; specially valuable 
boles may be split in two, as is done in the Spessart. 

h. Ahfwnnal &’enfx. 

Any abnormal scent in wood, that may, however, be detected 
for only a few species, e.y., oak wood, denotes decay. When 
decay has gone very far the wood has a mouldy scent like that 
of fungi. 

r, DiminixJml Hanhifisx and Sp, 

If stem-wood is considered normal as regards sp. weight 
and hardness, branch-wood, especially the horny heavy 
branches of conifers is abnormally hard and heavy ; root- wood 
is abnormally light ; narrow- zoned coniferous wood is heavy, 
and narrow- zoned broadleaved wood, especially of oak, is 
light. 

d. DefccU in I he Kronotnic Proper f tea of Wood. 

In order to avoid repetition, it is sufficient here to refer to 
defective shape only. Besides a bent or conical shape m 
stems, that have been discussed already, excentrio growth 
deserves mention. The woody layers are excentric when the 
pith on a cross-section is not the centre of the more or less 
circular annual zones of wood around it. All plant-pai^ 
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deviating from a vertical direction are excentric, e.g., all 
branches and roots ; the pith is above the largest layers of 
wood in coniferous branches (hyponasty)* and below it in most 
broadleaved branches (de Bary) * and in roots (epinasty). 
Similarly all stems that, owing to wind or snow, are oblique 
have excentric growth, i.e., the pith is nearer their upper 
surface. Von Sachs and Hartig refer excentricity to pressure 
or gravitation ; westerly winds exert pressure on a stem, and 
this causes the formation of wide zones of wood on its eastern 
side. The thicker bark on the upper surface of oblique stems 
and on the southern and western sides of border trees influences 
the formation of the wood, for the thicker the bark the less 
wood is formed. 

Wood is fluted when its annual rings are creiiate, that is 
wavy, as in the wood of hornbeam, Fig. 18, and of yew. 
Fluting may occur also in other species, and especially in 
beecli, underneath a large bough ^Yhere the thickening of the 
stem is less, while it is very vigorous on the two parallel sides 
of the depression that is thus formed. 

There are two principal and several intermediate kinds of 
crooked stems, A stem may be spiral or curved (sabre- 
shaped) ; the former defect occurs chiefly in the common, or 
Scots, pine,t the latter in larch. 

Spiral stems are the less valuable the shorter the distance 
between the windings of the spiral ; many entire steins are a 
part only of a spiral. Tliis defect in the common pine is said 
by Ma^’r to be due to several causes, of which insufficient atmo- 
spheric moisture is the chief. The tree is worst-shapeu in 
the driest part of its habitat, the south-west of Germany ; in 
the moister and optimum climate of the species, West and 
Bast Prussia, Poland, Courhind and Livonia, it has a perfectly 
straight stem ; so also outside its optimum climate, in its 
most northerly habitat, in the moist climates of Norway, 
Sweden, Finland and Russia. Even in less favourable parts 
of Germany it is found that straightness of stem improves as 

[Mayr says that all branch-wooil resembles that of conifers in exceutridty, 
-Tr.] 

^ I" [As Pirns sijlmfris grows all over Europe at diScrent altitudes, and is 
igenous in England aud Ireland as welhrs iu Scotland, the term Scots pine 
U is a misnomer and Us best name is “Common pine,"— -Tr.] 
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the temperature becomes less and the air moister, as in the 
Fichtel MoimtainSj between Saxony and Bohemia. Other 
causes of crookedness, but which are less important than dry 
air, are : injuries to saplings by game ; loss of terminal bud 
or leading shoot by snow, wind, insects, etc, ; rank growth 
on formerly manured agricultural land ; shallow soil (rocky, 
or with a pan, etc.). 

[Very straight lofty Irish pines grow in the moist climate 
of Doneraile, County Cork ; also near Lake Thirlmere, the 
wettest place in Britain, with a thirty years’ average rainfall of 
84 inches. In fact the common pine grows well everywhere 
in the moist climate of the British Isles, provided the soil is 
a deep sandy loam, or even deep sand with sufficient moisture 
below, as at Woburn. Compact clay or calcareous soils, or 
sand or gravel that is too shallow for its roots, will not 
produce fine pines; the best and straiglitest steins occur in 
mixture with beech, or on suitable soils in the cool moist 
climate of Scotland, where the frequent curvature of young 
Scots pines is due chiefly to shallow notching of badly rooted 
nursery transplants.— Tr.] 

Curved stems are due chiefly to prevalent soutli-west 
winds, especially on sandy soils, by which a larch stem is 
blown from its youth out of the vertical direction, while its 
strong upward growth contending with the wiud-pressuro 
gives the tree a curved, sabre -like shape from its base to its 
crown. This curved shape may be due also to injuries or to 
a bending towards the light, if it be slightly overshaded by 
another tree. In the larch a bend in one direction is not 
counterbalanced, as in most other trees, by a subsequent Lend 
in the opposite direction, but continues in one direction only, 
to the great deterioration of its timber. In Germany, unless 
a thinning is made before or immediately after a crop of larch 
has closed in, not more than 20 per cent, of the trees will 
grow up straight. Isolated larches are nearly always ‘curved 
in Germany. 

[Larch in Britain appears to grow straighter with its 
roots among boulders or in fissured rocks, even near the sea, 
as at Weston-Super-Mare, on mountain limestone. It is 
also straight and its lieartwood red and sound on the oolitic 



defects in the economic properties of wood. 151 


rock of the Cotswold Hills ; on shallow soils in situations 
that are exposed to the south-west wind it is curved, as in 
Germany— Tr.] 

Curvature of stem yccurs also in young broadleaved trees, 




Fig. ()2. -Oak com pas?;- timber. A U is termed the mijittn or eainh'i’. 
(Laslett.) 


aiul these should be removed in the early thinnings, even 
though, as is often the case, they are the most vigorous com- 
ponents of the crop. Poplars and willows in windswept plains 
all bend towards the north-east, but are straight and not curved. 

On steep slopes all 
species of trees have a 
curved base, the convex 
side of which is turned 
towards the valley ; this 
may be due to the sliding 
downwards of the snow 
in winter and its con- 
sequent pressure on 
sqilmgs and poles. The Fig. a-Kuee-pieoe. 

upper part of the stem is usually straight, and is vertical in 
conifers, but frequently oblique in broadleaved trees, oak, 
birch, etc., that grow out towards the light. The curved base 
of such trees may be useful for special purposes, but otherwise 
reduces the value of the timber. 

[There was before the construction of iron ships a great 
demand for suitably curved or compass oak timber for the 
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Navy, and Fig. 62 shows the usual dimensions of such pieces, 
which were specially valuable. Even now curved pieces are 
used largely in the construction of barges, and in the Forest 
of Mormal near Le Quosnoy, in the north-west of France, 
these curved pieces of oak are still sawn up by pit-saws in 
the forest and not in sawmills. Knee pieces, used in barge- 
making, are formed where a bough, or root, parts from its 
parent stem ; they may be of oak, pine, or spruce (Fig. 68). — Tr.] 

Forking of the stem is normal in isolated broadleaved 
trees at a short distance from the ground. In trees grown 
in dense crops it is abnormal wlieu the fork is lower down 
the stem than about 30 feet, as valuable long logs should 
be over that length. Irrespective of ))a(l silvicultural treatment, 
soil and climate, in a word, the locality, may cause a tree 
to fork. It is certain that trees fork most on good soil, though 
the reason for this is unknown. If we consider individiud 
species, it is found that, in oak and beech, forking is repeated 
at regular intervals along a tree. Every crop of ])roadleaved 
trees affords examples of this, and ash is also specially liable 
to fork, owing to loss of its terminal bud. 

Beech trees usually swell at a fork, in the angle of which 
Walter collects, and this causes incipient decomposition of the 
wood below it, that is termed IVaH.sriiop/e in German (water- 
cup). 

Silviculture teaches us to remove forked trees in thinnings, 
but the necessary preservation of the density of the crop often 
prevents this from being done too radically. [It is not, therefore, 
always advisable, owing to danger of windfall or of admitting 
sunlight to the soil, to cut out all forked trees in thinnings. This 
is especially fclie case in crops of silver-fir, wliere there may he 
many cankered trees that require prior attention. Mr, Ingold, 
inspector of forests at G^rardmer, remarks on the difference 
between V and U- forked trees. When double leaders are 
united in a Y, there is much Ijark between the two stems, for 
their union is being constantly raised as they grow in thick- 
ness, while in U-shaped stems the two leaders are independent. 
The V trees are, therefore, very liable to be split by the wIjkI 
or snow, while the U trees are much more resistant. The 
former only are, therefore, removed in thinnings. 
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In the case of broadleaved trees united at their base to form 
two or more stems, except in ea^ly thinnings, it is best to leave all 
the stems rather than to cut one, as each stem has a lop-sided 





I'ig- fi4. tour oaks each ten feet in girih. Forest of S. Gobain near Laou. 

crown and when isolated is very liable to windfall, while 
together they have a united crown and frequently form a 
splendid clump of trees, as in Fig, 64. — Tr.] 

As regards branches of broadleaved trees, that in young poles 




154 


PROPERTIES OF WOOD. 


rub against the main stem and against one another 'when the 
'wind blows and eventuallv become naturally grafted together or 
to the main stem, so that the poles would grow into worthless 
trees, they should be carefully pruned or removed in early 
thinnings. 

On broadleaved stems in high forest, epioormic branches 
(water-sprouts) are produced, when the stems are set free 
from a dense crop; this cannot be prevented entirely 
by careful thinnings. As this premature development of 
epicormic branches is usually due to the want of vigour in 
their crowns, such stems should also be cut in thinnings in 
preference to those clean- barked poles, which eventually 
produce the finest trees. In standards over coppice, the 
production of epicormic branches is normal after each 
cutting of the underwood and then they should be pruned 
carefully. 

Sapling- shake (Heisterknick) is a defective bend in tlic 
stem of oaks at a height of about 6 feet from tlie 
ground. It is so named, because it depends on the 
planting of saplings of fi feet, their usual height, in oak 
woodlands. 


e. Defer is in the DhemUal Pro per lies of Wood. 

The investigation of chemical defects in wood has been so 
meagre, that only a few remarks on tliis subject can 
offered. Cieslar proved that the relative mass of lignin, asi 
compared with that of cellulose, in wood, depends on the 
amount of heat and light to which the tree has been exposed. 
Suppressed poles are, therefore, defectively constructed, for 
they contain-too great a percentage of cellulose; it is reason- 
able to assume that thus those economic properties which 
depend on the sp. 'W’eight of wood will be prejudiced, liy 
lignification, science means the storing of lignin on the 
cellulose walls of woody tissues, hut in practice, the worJ 
denotes the resting-phase of vegetation at the end of a growing- 
season, the hardening of yearling shoots and of the hist 
annual woody zone, that are then said to be lignified. 
eeptibility to early frost of insufficiently lignified tissues dues 
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not depend on a scarcity of lignin on the cell-walls, but on the 
presence in their interior of plasma, that has not been con- 
verted in the cambium and other parenchyma into frost- 
hardy resting-plasma. ' The further a plant-part is from the 
latter condition, the more danger it incurs from autumnal and 
winter frosts. [The tissues of delicate green-house or hot- 
house plants, Eucalypti, Pimis palmtris, etc., in which growth 
continues in their native habitat till interrupted by excessive 
draught, have no resting-plasma ready for the approach of our 
winters; they are, therefore, killed by the first moderate frost. 
— Tr.] Hence hardiness against winter-frost, in plants that 
withstand it normally, depends chiefly on the preceding 
weather and treatment they have experienced. The prevalent 
opinion, that after the cells have parted with their contents, 
and even in dry hearfcwood, lignification of the cell-wall may 
still proceed, is in itself highly improbable, owing to the 
absence of plasma, and has never been proved to be true. 

Abnormal formation of gum, gummosia, occurs in the wood 
and bark of species of Prunus, as well as m those of certain 
tropical trees belonging to various natural orders {Acacia 
Senegal said by Gamble to yield true gum-arabic, Bauhinia 
Tdusa, etc.). It is due to metastasis, or chemical transforma- 
tion into gum of parts of the tissues. 

Hesinosia, or conversion of the cell- walls into resin in 
coniferous wood, has been disproved byMayr^ (c./. resin-galls, 
p. 125). He has also shown that pathological conditions in a 
tree may cause resin to form. The outflow of resin in logs is 
not due to metastasis, but is a mechanical process, the resin 
being pressed out of the resin-ducts by the drying and 
shrinking wood. In wounded living trees, the flow of resin is 
n physiological process caused by turgor of the tissues. 

AH abnormal tints in wood, whetlier they result from 
ferments caused by fungi, or without their action, are due 
essentially to metastasis, but little is known regarding their 
origin. 

* H. Mayr, “ Das Harz der Nadelbaiime.” 
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FELLING AND CONVERSION OP TIMBER. 

Thk second chapter of this book deals with the methods of 
felling trees and converting them into logs and scantling, 
which are then handed over to the consumer. 

The foremost rule in conversion of timber is also common to 
all industrial undertakings, and is as follows Consider care- 
fully the uses which may be made of the raw material, and 
then act as far as possible without diminishing the pro- 
ductivity of the forest, and in accordance with the current 
demands of the market. 

Hince the produce of every forest comes under the influence 
of a special market, the wares required by which are multi- 
farious, while local requirements, customs, and usages are also 
influential, there must be many modes of conversion suitable 
for different localities. In the following sections, therefore, 
the results of experience are considered, their utility gauged, 
and a decision formed as to the basis of a rational system of 
Forest Utilization. 


Skction I. — ^Ianual Lahouk. 

1. General lie marks. 

The productiveness of every industry depends on the number 
of available labourers, and on their skill and mode of organi- 
zation. Hence, the conditions essential for profitable forest 
utilization are plenty of good woodcutters, and good arrange- 
ments for furthering their labour. 

The worth of a woodcutter does not depend only on the vahieof 
the material which he can convert in a given time, but also on 
his following the rules of Silviculture and Forest Protection. 

In all forest management based on the highest possible 
pecuniary return, which may be termed Economic Forestry, it 
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is in Germany a general rule to entrust the fellings to wood- 
cutters under the pay and c’ontrol of the forest-owner, and only 
exceptionally to employees of wood-merchants. The latter 
method was formerly more frequent, and is still followed largely 
in France and Britain, and occasionally in Germany. 

Speaking quite generally, whenever the sale of the 
wood will barely cover the cost of its conversion, timber- 
exploitation may be left to the purchaser of standing trees, 
either by the sale in block of all standing trees on a certain area, 
or by single marked trees. In high mountain-districts there 
are localities difficult of access, where frequently the conversion 
and transport of timber would cost more than its value, if 
done by other agency than that of the timber-merchant, such 
as State agency, or that of a private forest-owner. In such 
cases it is better to sell trees to a merchant. Where timber 
has to be given away to right-holders, in cases where only 
inferior material is in question and there is no fear of the 
right-holders defrauding the forest- owner by taking too much 
produce, it is also better to allow them to fell and convert the 
trees. In forests belonging to poor communes, or villages, it 
may be more economical for the villagers to work-out the 
timber for themselves. 

In all these cases restrictions for the benefit of the forest 
must be imposed on the woodcutters, just as if they were 
directly under the control of the forest- owner. 

It is evident that only by the employment of woodcutters 
engaged and paid by himself can the forest-owner maintain a 
satisfactory and permanent labour-force, and this he should 
always endeavour to secure. Such an object, however, is 
not always attainable, and though to secure this is occasion- 
ally easy, it is sometimes very difficult. This depends on 
ocal circumstances, and especially on the superfluity or want 
0 a Olliers, the duration of work in the forests, and the 
conditions of employment offered to the labourers by the 
lorest-owner. 

The supply of forest labour fluctuates with the season of 
e year. Owing to increased production of wealth, to modern 
ws regulating industry and to the rapidly improving means 
ransport, the conditions of labour have altered considerably 
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during the last thirty years, and forestry has not remained 
unaffected. The woodman, who formerly remained attached 
to his hamlet, has freed himself from his fetters : he leaves 
field and forest, and proceeds to the centres of industry and 
manufacture where he hopes to get a better price for his 
labour, to lead a pleasanter life than in his lonely forest villarre 
ind to acquire property more rapidly. A few years agoi 
)wing to this migration of the villagers, the scarcity of labour 
n certain forest districts had become calamitous. The crisis, 
jowever, did not last long, and at present, many woodmen have 
returned to their former pursuits. 

The duration of work in the forest depends on the local 
extent of the forest area and the degree of intensity of forest 
management. Whenever in an extensive forest district there 
is always full employment throughout the year, the inhabi- 
tants are closely attached to the forest. In such districts 
there is hardly any other industry but forestry ; and, even if 
other employment could be found for the men, outside or 
within the district, yet, provided they can earn the usual wages 
prevailing in the locality, forest work is preferred to any other 
mdustiy by the greater part of the population, who have, as 
it were, grown-up in mind and spirit with the forest. Where, 
on the contrary, in districts chiefly industrial or agricultural 
the work in the few existing forests can be done in a few 
weeks’ time, forest work is only an auxiliary to the usual 
modes of occupation, the labourers have for it little taste or 
skill and can be induced to work only in a perfunctory manner. 

The Remuneration and other Conditions which the wood- 
men receive from the forest-owner should under all circum- 
stances be a fair equivalent for the amount of labour required, 
and suffice for the support of a labourer and his family. It is, 
therefore, clear that the more a forest-owner can identify liis 
own interests with those of his woodmen, the more remuner- 
ative will be the management of his forest. 

2. Demands on the Woodcntter. 

People are apt to think that the demands made on a wood- 
cutter may be satisfied by any labourer who can use the axe and 
saw. This is indeed true in certain oases, but usually a certain 
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amount of skill, foresight, power of reflection and experience is 
required, attainable only after prolonged labour in the forests, 
which all workmen are not equally capable of acquiring, and 
is not found in an equal degree in all forest countries or 
districts. All industrial operations are more or less dependent 
on the skill of the workmen employed, and the demands 
which forestry make on labour form no exception to the rule. 

It is necessary to distinguish woodcutters of different 
grades of utility, and to distribute the work among them 
according to their capability. Whilst for work in high forest, 
clear-cuitings, coppices or thinnings, the ordinary labour 
force may suffice, natural regeneration -fellings and cutting of 
uneven-aged crops and mixed woods demand much more 
skilful hands. There is a great difference between working 
forests for fuel, and working them for valuable timber or where a 
careful and detailed mode of converting the timber is required. 

Besides the demands made on skilled labour by special 
conditions of forest management, which vary with the locality, 
there are others of a general nature that must be made on 
every woodcutter, or gang of w^oodcUtters, as regards order, 
capacity for labour, and control. A consideration of these 
points leads to a statement of the conditions of agreement 
between the labourer and the forest-owner, which should be 
explained thoroughly to every woodcutter before he engages 
to work in a forest. Although these conditions vary for 
different forests, or localities, in order to provide lor important 
local requirements, there are others which prevail tliroughout 
a whole province or country. Such general conditions are, 
therefore, decided usually for extensive forest tracts, leaving 
the specially local conditions to be added where necessary, 
penalties for breach of agreement being included. 

The following are the usual clauses in an agreement with a 
woodcutter 

I. General Conditions. 

A. Obligations of the Woodcutter, 

(a) Eegarding his conduct during the engagement. 

(b) Begarding felling. 

(c) Begarding conversion of timber. 

(d) Begarding removal of timber. 
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B. Obligations of the Wood- Stacker, and of the Foreman, 

C. Obligations of Men employed in Carrying and Floating 

Timber. 

D. Obligations of the Contractor. 

II. Special Conditions. 

III. Penalties. 

A. Obligations of the Woodcutter. 

(a) Conduct of Woodcutter. — As regards the conduct of 
the woodcutter, the following are the chief points : — 

i. No one is allowed to do other than the special work 

allotted to him. 

ii. Every woodcutter must he at work punctually at the 

appointed hour, and should work steadily and without 
intermission until the work is completed, except during 
the off- time agreed upon. 

iii. Any woodcutter absent without permission from work 

will be warned on ilie first occasion, and on tlie second 
will be considered to have vacated his work of his own 
accord. 

iv. No work is to he done before sunrise or after sunset. 

V. Every woodcutter is to provide liis own tools in good 
condition and he should also have a two- foot rule. 
W’ood for mending tools and for constructing huts for 
the workmen is provided by the forest-guards. A\heu 
the work is completed, all wood used for huts, timber, 
sledge-roads, etc., should, as far as possible, he 
converted into firewood. 

vi. Every woodcutter should be as careful as possilde in 
carrying out silvicultural rules, and obey the spcowl 
instructions of the manager and guards in this respect. 
He is also held responsildo to report any infractions, 
which have come to his knowledge, of such rules hy 
any other workmen. 
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vii. The woodcutter is not allowed, either by himself or his 

family, to remove any wood from the felling-area. At 
the completion of the felling and conversion of the 
produce, all broken pieces, chips, and other wastage, 
will be divided among the workmen. 

viii. Each foreman is responsible for the security of the wood 

worked by his own gang. 

ix. Fires should not be made by less than six workmen, 
whenever a larger number is present on a felling- 
area. Great care must be taken of the fire and it 
should be extinguished, or carefully guarded, every 
evening. 

Kules under headings (h) to (d) as regards felling, conver- 
sion, and removal of the timber will be given in the sections 
dealing with these subjects, and also with B. and C. Special 
conditions, IL, depend on local circumstances. 

III. Penalties. 

The third part of the conditions of agreement gives the 
penalties for infraction of any of the above stipulations. 

Such penalties may be pecuniary, such as deductions from 
wages, temporary suspension from work, or dismissal, and, 
whenever the woodcutter obtains certain privileges from the 
forest-owner, such as land for cultivation, wood, litter, etc., 
temporary or permanent deprivation of such privileges. 

Certain offences by woodcutters and other forest labourers 
are punishable under the forest law. 

The penalties should be those usual in the district, and 
Within the means of the working population. 

Deductions from wages and deprivation of privileges are 
the most suitable penalties for the poorer workmen. Wher- 
ever experience shows that penalties are unavailing, it is 
better not to include them in the conditions of agreement, 
for in such a case it is better to have no law than one 
that cannot be carried out. There are at present many districts 
wliere this is the case, and where penalties cannot bo enforced 
o^\ing either to the poverty cf the people or to the scarcity 
of labour. 
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3. Wcujea. 

(a) General Remarks.— The remuneration to the woodcutter 
for his labour consists chiefly in a regularly contracted pay- 
ment, but partly in undertaking to contribute to his support 
or that of his family in cases of accident, sickness, undeserved 
want, etc., and occasionally in special rewards paid to skilled 
labourers for difficult and unusual work. 

One of the best means for retaining the services of tlie 
better part of the labourers for forest work is to allow them 
certain forest privileges gratis, or at reduced rates, such as 
small areas of land for cultivation during good behaviour. 
Friendly societies for saving money for old-age pensions or 
allowances during sickness, or for injuries, to which the forest 
owner contributes in proportion to the regular contributions 
by the labourer, may be mentioned here. 

Among all these items the wages are naturally the most 
important ; these may be either contract-wages by the piece, 
and proportional to the amount of work done, or merely daily 
wages. 

Woodmen are employed usually on piece-work, which is 
the cheapest and fairest method ; daily wages are exceptional, 
and are given only when the troiil)le taken by the workman is 
out of all proportion to the reasonjible amount of work done, 
or, as in forest plantations, where if tlie work be paid by tlic 
number of plants, the latter will be planted carelessly, without 
proper attention to their roots 

A piece of work done, or work-unit, may ])e measured in 
various ways, either by its weight, volume, or roughly-stacked 
volume ; or by the chief determining measure of the work, as 
for instance, the length and mid -diameter of a log, the yai il of 
ditching, the hundred planting-holes of definite size, the 
single railway-sleeper, etc. Weight is not much used in 
forestry as a unit of work, hut the common unit for tinihfii'i*’ 
the cubic foot, or load of 40 cubic feet for hardwood and of 
50 cubic feet for softwood, both corresponding roughly to ^ 
ton. Slacked firewood is measured by the cord (6 feet X 
6 feet X 6 feet) of 216 stacked cubic feet, and faggots by the 
hundred. 
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Timber may be measured by its dimensions, and the 
diameter of different pieces may be used as a unit. Such a 
measurement' of his work is more easily appreciated and 
calculated by the woodcutter than when the cubic fool is the 
unit for measurement, and it is also a fairer measure of the 
work done than the latter. It has not yet been decided whether 
it is more profitable, or not, for the forest-owner to measure 
the work for payment by the diameter of the piece, or by the 
cubic foot, but experiments made in Saxony are in favour of 
the former system, which is much the commoner of the two. 
Wherever logs are sold by their length and the diameter of 
the smaller end, these latter should also be taken as the units 
of work. 

Whatever unit of work may be chosen, the pay-unit must 
now be calculated, and naturally this varies more or less with 
the time and locality, and depends chiefly on : — the supply of 
labour ; the extent and variability of the demands for labour 
in a district for manufactures, agriculture, public works, 
traffic, etc. ; the actual cost of the necessaries of life ; the 
value of money measured in commodities; the economic 
condition of the people ; the inclination of workmen for forest 
work, etc. Different measures may he taken to rectify the 
greater or less variability of the circumstances which affect 
wages. Either a permanent table of average wages is 
compiled, the wages being increased or diminished when 
necessary, or new tables of wages may be prepared annu- 
ally, according to the price of labour. In the latter case a 
written agreement to hold good for a year between the 
forest-owner and the workman must be made, and signed 
by both parties. 

Besides the fact that it really furthers economy to secure 
fair wages to the workman, it is also clearly in the interest of 
tbe forest- owner, as contented workmen will avoid waste in 
felling and converting timber, and damage to young growth. 
Care for the welfare of the forest depends more or less directly 
on the woodcutter’s work, and the latter will always turn the 
jate of pay to his own advantage. The amount of care he 
a es of the forest will be always the less, the lower his wages 
driven by the competition of other workmen. In forest 

H 2 
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management, as in all great productive industries, the deter- 
mination at any time of fair rates of wages is of the greatest 
importance, and the question then arises, how should this be 
done ? 

(b) Determination of Bates of Wages.— It is clear that 
the woodman must obtain as liigh wages in the forest as he 
could get by a similar expenditure of labour in any other 
rough industry. The forest-owner lias to compete for his labour- 
supply with other industrial enterprises ; he may usually 
compete with them successfully when he remembers that the 
industrious woodcutter should receive wages for the hard and 
frequently dangerous forest work in ordinary fellings, some- 
what above those actually in force for other works in the 
district. This addition to the ordinary local wage depends on the 
favourable or unfavourable aspect of the circumstances affect- 
ing ^Yages that have been already described; it may lie 
sometimes 10 per cent., 20 per cent., or even 30 per cent, 
above the usual daily wages of labourers. The amount of the 
daily wage once settled, the next step will be to fix the pay for 
each unit of work in accordance \Yitli it. 

It is easy to ascertain from the results of the previous year's 
felling, what amount of \vork an industrious workman can do 
in a day, i.e., how many culiic feet of converted timber he can 
prepare in summer in ten hours, and in six or seven hours in 
winter, and in this way, given the rate of daily wage, the rate 
per unit of work can be fixed. 

There are, how^ever, several classes of wood produced in 
each forest, and a distinction must be made between conver- 
sion of fire^vood and that of timber of different varieties. As 
regards firew^ood, it should be noted that split billets are 
frequently the predominating class. As regards classiiied 
timber, it cannot be predicted which class will predominate ; 
that depends on the mode of conversion and the size of Ibe 
trees, etc. Thus, in some districts, middle-sized butts for 
saw-mills— in others, averaged-sized logs — will be the material 
on which the woodcutter bestows most of his labour, and for 
which the rate should be fixed. Firewood and timber are 
produced by all forests, so that there are two standards of 
rates of pay, of which ohe is for a cord of split firewood, and 
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the other for a unit of that class of converted timber which 
the forest yields most abundantly. 

(c) Scale of Wages.— The standard rates, therefore, consist 
in those paid for cordwood and for one kind of converted 
timber: but on every felling-area there arc several— often 
many — classes of timber and firewood, the preparation of 
which does not exact the same amount of labour, or the sale- 
values of which are highly dissimilar ; there must therefore 
be several grades in the rates of pay for piece-work. These 
different piece-work prices are always multiples, or parts, of 
the two standard rates of pay, and in their case the amount 
paid, besides being, as far as possible, proportional to the 
work done, should also be proportional to the sale -value of the 
converted material. 

As regards the former of these factors (the expenditure of 
labour on any work) round billets are prepared more easily 
than split- wood, and should be paid for at a lower rate ; whilst 
the preparation of 100 bean-sticks should cost less than that 
of 100 hop-poles. 

The amount of labour involved in the work is, how’ever, 
made subsidiary to the sale-value of the outturn, and the 
maxim of making the labour- charge for preparation of more 
valuable material higher than for what is less valuable is of 
the highest importance. Thus, the preparation of the better 
classes of logs or scantlings is remunerated more highly than 
that of the lower classes, even when the amount of labour 
expended is the same in both cases ; this is especially true for 
long pieces of valuable timber, provided the diameter at the 
small end is up to standard ; a higher payment w'ould be 
made for the entire piece than if it had been cut in two, 
although in the latter case more labour would have been 
expended. 

There are forest districts where, in the interest of the forest 
owner, the wages of woodcutters are allowed to rise and fall 
with the sale-prices of the outturn ; as in parts of the Scliwarz- 
wald, and especially in the forests of the Prince of Fiirstenberg. 
Jko best plan is, therefore, to pay relatively the highest rates 
for those pieces, the sale of which is most profitable to the 
owner, and to pay the wages corrfeponding to the labour 
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involved only for less saleable pieces, the number of which the 
owner wishes to keep as low as possible. Thus, payment for 
wood from the stump and roots of the trees is kept very low, 
to prevent material fit for straight, split, or round cord wood 
being tlnis used, and especially to keep down as much as 
possible the amount of root- and stump-wood. 

(d) Area where the Same Wages Prevail. — Once the scale 
for labour-payments has been decided, it may be applicable to 
a forest district, range, or working-circle, but sometimes only 
to a particular felling-area. Thus, where the locality is un- 
favourable, as, for instance, on steep, lofty slopes ; in fellings 
where special care has to be taken of the material, or of the 
regeneration or tending of the forest ; in very remote felling- 
areas, where tlie w^oodmen have far to go to reach their work; 
where the trees to be felled are far apart, so that there are 
difficulties in collecting and sorting the outturn ; and in 
several other cases, — greater demands are made on the 
labourers than wdiere opposite conditions prevail. 

The preparation of forest accounts is much simplified when 
the same rates of payment are made in all the felling-areas of 
the same forest range. In level, uniformly- stocked forests, 
and especially where only one species of tree is grown, such 
simplicity is often admissible; but in the case of irregular 
woods and unlike conditions, the forest-owner will find it to 
liis profit to have different rates of payment for different 
localities. 

Thus, we have various rates of payment for piece-work that 
rise and fall with the local daily WMge. In allotting these rates 
according to the different kinds of produce, too much ddail 
sl:ould not be attempted, so that the accounts may not become 
too complicated. An exception to this maxim arises only in 
the case of forests yielding highly valuable timber. 

(e) Wages for Barking Trees, Stacking Firewood, etc.— 
When the rates of payment for felling and converting the 
timber have been settled, it is usual to enter in the agreement 
the rates for barking the trees, also for collecting the timber 
and slacking the firewood. The latter work usually involves 
only one rate, but in the ease of collecting the timber in 
temporary forest depots, the greatest differences of 
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compared with the average rates for pieces of the same size, 
may prevail. 

In level land, it is necessary to convey the converted wood 
only to the nearest road, or timber- depot, and the amount 
of labour involved is practically the same in all cases for 
pieces of similar dimensions ; but iu mountain-districts there 
are, as a rule, great differences in this labour, and it is 
usual to fix different rates for each felling-area at different 
altitudes. [In Britain it is a common practice to pay for 
felling and barking oak trees by the ton of bark that results — 
120 cub, ft. of timber usually yielding a ton of bark,— Tr,] 

(f) Daily Wages.— There are cases where either the work 
done cannot be measured, or special demands are made on 
the ability, experience and care of the workmen that must 
be considered in fixing wages, for in these cases it is quite 
exceptional that the work is at all proportional to the 
energy expended on it. If a special agreement cannot be 
made, daily pay should be given. Thus in cleanings or 
early thinnings, in pruning trees, the work done cannot be 
measured. For constructing the various means of water- 
transport ; making or repairing roads, slides, bridges ; build- 
ing substantial huts for workmen ; setting-up fences, and so 
on, the skill of a carpenter or engineer is required, although 
it is frequently only a woodcutter who does the work, and then 
he should be paid in proportion to his skill Only ex- 
perience can guide the forest-manager in settling a fair wage 
for such work. 

All the above conditions regarding wages form the terms of 
a written agreement between the woodcutters and the forest 
managers as a rule ; an agreement should be for an indefinite 
time, with a stipulated period for notice by either party of its 
termination. It is wu‘ong to make the agreement only for a 
year, as there may be difficulties about renewing it. It is 
filso wrong to delay a fresh agreement until the workmen 
give notice of dissatisfaction with the current rates of pay ; 
this may dissolve the friendly ties between the w'orkmen and 
their employer. 

The woodcutters’ agreement, therefore, provides for its 
renewal and for notice of terminating it, also for the rates of 
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pay, and manner of payment. It should be signed by all the 
workmen and by the forest-manager. 

4. Orgauisatmi of the Labour-Gang. 

(a) General Account. — It is evident that the eflicieucy, ns 
regards quality and quantity of outturn, of the whole force 
of labourers employed in a forest, leaving out of consideration 
their special aptitude for the work, depends greatly on the 
supervision the foresters and forest-guards can exercise over 
them. The influence and the possibility of its leading also to 
useful results depends on the relations of tiie woodcutters to 
one another, and on their attachment to the forest and its 
interests. All this varies considerably from place to plac(‘, 
and in certain cases it is liardly possible for the forest-manager 
to exert the desired influence, whilst in others he can do so 
quite easily. In order, however, to do what is possible in this 
respect and supervise the hundreds of woodcutters who may 
be employed in any forest- range, as well as to distribute them 
suitably among the different felling-areas and pay them pro- 
portionally to their labour, a certain organisation of the whole 
force of labour must he instituted, subdividing them into 
gangs and parties, and appointing from amongst thems('.lv(‘s 
certain influential persons as foremen and heads of parties. 
Usually the gangs are composed of all men coming from the 
same village (or district), and their leader is termed a foremam 
A party consists of the number of men, not less than two 
or three, required for complete felling and conversion of ;i 
certain lot of trees. The party chorrses its own leader, wrUs 
together and divides the payment for the work done into equal 
parts among its members. 

Considerable importance should be attached to the choice of 
the foreman, as he is the intermediary behveen the workmen 
and the forest officials and is more or less responsible during 
the absence of the latter for the conduct of the woodcutters. 
On account of the indispensable nature of bis services it is 
advisable to attach him as much as possible to the forest and 
to keep him constantly employed ; he sliould also have special 
privileges, He usually settles the accounts with the men, 
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and obtains a small percentage of the total payment for 
doing so. 

The connection of the woodcutters with one another varies 
in different places, depending partly on the possibility of 
carrying out the organisation already described, and partly on 
local laws regarding workman and employer. It is often very 
difficult to enforce penalties against the woodcutter for non- 
fulfilment of the contract, or agreement, made between him 
and the forest-owner, although it may be advisable if possible 
to secure such an agreement. Whether an agreeineni is made 
with all woodcutters or with some of them only, or with the 
foreman on behalf of the other men, depends on the particular 
class of labourers to be dealt with. Woodcutters may be 
classified as follows : — 

(b) ISTon-Associated Woodcutters. — Where forest blocks 
are found scattered amongst agricultural lands, forestry is 
only an accessory means of employment for the people, and 
no regular gang of woodcutters exists. The men engaged for 
forest- work are a motley crew following all callings and with- 
out any connection with one another. The attachment binding 
the woodcutter to the forest is in such cases generally of the 
slightest kind, and even if a legal act of agreement be made 
between him and the forest- owner, it will be only of a tem- 
porary nature, depending on his own interest and liking for 
the work. In this class there is no association between the 
different woodcutters, each man works independently of the 
others, or they may work in pairs in the case of sawyers. 
A'ery often such a gang of woodcutters is composed of quite 
different individuals at the close of a felling to those who 
commenced work on the same area. In such cases, if the 
forest-manager wishes to secure attention to the most neces- 

protective rules, he must make a separate agreement 
with every labourer. 

(c) Associated Labour. — In extensive forest districts in 
plains and mountains the conditions of labour differ greatly 
from the above. The chief means of livelihood of the inhabi- 
fAuts are then obtained from the forest and the work it affords ; 
fbo people consider it an honour for a man to be employed in 
1 ie forest, and forest work is preferred to all others which 
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may offer. A few of the people possess all the best qualities 
of these woodcutters, and are most attached to the forest and 
most trustworthy in working, and have much influence over 
the other men. In such cases it is sufficient for the forest 
owner to make agreements with the more influential wood- 
cutters when they are sufficiently numerous to form a regular 
enrolled gang constantly employed in the forest, and have a 
common insurance fund to which the forest-owner contributes. 
Such a labour-gang is strengthened from time to time, as 
necessity arises, by engaging other men temporarily. 

(d) Contractors* Men.— Sometimes the legal act of agree- 
ment is made by the forest-owner with a contractor, who 
undertakes to supply all the men required for any definite 
piece of work in the forest. Contractors are frequently active, 
influential and fairly wealthy men who have considerable tact 
in managing woodcutters. This assistance simplifies matters 
for the forest-owner, as the contractor has all the worry and 
trouble of managing and supplying the labour-gang, and of 
paying them in detail for the work done. In extensive fore.st 
districts, iiisulliciently supplied with experienced foresters or 
forest-guards, or where the woodcutters are very experienced 
and trustworthy and the work can be largely left to them 
without much supervision on the part of the forest staff, it is 
often better to entrust the conversion of the timber to an 
experienced contractor who thoroughly knows the capacity of 
individual workers, and can give full security to the forest- 
owner for good work. This system has, however, its shady 
side, as contractors sometimes defraud their men. 

The contractor is often obliged to bring his men from a 
distance (as in the case of Italians empbjycd in Germany); 
he then requires pecuniary advances and concessions, 
whicli are not necessary under ordinary circumstances. 
Timber-work is largely done by contractors in the lllaek 
Forest, Alps, Hungary, Galicia, and in many extensive forest 
districts of the North German Plain. In the Alps tlie con- 
tractors are frequently mayors of villages. Although, strictly 
speaking, the contractor is responsible for the conduct of bis 
men, the forest-manager does not abstain from direct super- 
vision over them, and it is evident that the contractor must 



MANUAL LABOUR. 


171 


be bound legally by conditions covering all the interests of the 
forest owner. 

In the case of extensive damage to forests by wind, insects, 
snow, etc., when there is an extraordinary amount of material 
to be converted, it is geiuu'ally necessary to entrust the work 
to contractors. Often in such cases the workmen are brought 
from a distance, as Italians in South Germany, etc., and it is 
necessary to make arrangements which the ordinary course of 
forest-work does not require. 

In the years^ 1801—93, damage by the nun-moth in 
S. Bavaria rendered recourse to contractors necessary. About 
10,000,000 tons (9,963,000 c.m.) of dead wood had to be 
felled and converted as speedily as possible. A band of 
about 3,000 men had to be imported and organised. Twenty- 
five barracks with heating-apparatus and beds had to be 
built, each for 50 — 60 workmen, and provision made for 
feeding them, with medical attendance, hospitals, and a 
police force. Telephones were installed, and the number of 
forest-guards increased considerably. It was necessary to set 
up a temporary office, with clerks and accountants. All this 
was done with such skill and financial success as to bring 
great credit on the Bavarian Forest Department. After this 
work had been completed, forest management returned to its 
ordinary channels. 

(e) Work done by Forest Settlers.— Hitherto it has been 
presupposed that for ordinary fellings the necessary labour- 
gang could be secured within easy distance of the forest, hut 
there are forest districts where the population is so scatte.red 
and scanty that the needful force of labour cannot be obtained 
in the neighbourhood ; the manager is then obliged to engage 
labourers from a distance and settle them in a regular colony 
within his forest. It is evident that only in the last extremity 
of scarcity of local labour would a forest-manager resort to 
such an expensive measure as the above. 

Such colonies of forest-labourers are found at Herreuwies 
in the Black Forest, and in other parts of Germany, also in 
certain districts in Hungary. The settlers must be supplied 
with houses, food, medical attendance, schools and churches, 
plots of land to be cultivated and meadow-land for each 
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head of a family, also litter and firewood ; even their widows 
and orphans must be maintained. 

[Imported labourers from Chota Nagpur are largely em- 
ployed iu the Assam tea-gardens under conditions similar to 
the above, but the Indian Forest Department has liitherto 
been able to dispense with the necessity for resorting to such 
a class of labour. — Tr.] 

5, Th(' Forest Lahour^question. 

As already stated, tiie position of labourers has altered 
greatly in the last forty years, and instead of the former con- 
tented, industrious woodcutter, forest management has to deal 
with a fluctuating proletariat. The forester is called upon to 
improve this state of things, not only on the grounds of 
national economy, but also from a special forest econoniie 
point of view ; although he cannot control all the factors in 
the (|iiestioii, he can to some extent assist in organising a 
physically and morally strong force of woodcutters. Some 
notes showing how he should proceed to gain this object are 
given below. 

Wages should he high enough to remunerate fairly the 
hard forest work and the increasing dearness of living. Tbe 
supposed gain to the forest-owner by low wages is often con- 
verted into a loss, ten times as greiit, by bad workmansliip, 
while moreover damage is done to the forest. The maxim of 
the lowest possible wage is much more objectionable in forest 
work than in any other industry. 

It has long been admitted by experienced foresters that it 
is highly advantageous to fix remuneration for work done, 
at rates proportional to the sale- value of the outturn. Let 
the rouglicst kinds of work he well paid, hut fix rah'S id 
least double the ordinary ones for valuable produce. The 
amount the woodcutter thus gains will secure from him an 
intelligent and profitable conversion of the felled trees, ^vil] 
excite his attention and care, increase his utility and enable 
him at the same time to increase his own earnings. Small 
rewards also should f;e offered to woodcutters for new tools, 
and other improvements. 
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The system of giving the work to contractors should be 
abandoned, whenever it is known or suspected' that the con- 
tractor is making more money that is al)solutely necessary out 
of the workmen ; in such cases direct dealing with the latter 
should be substituted, or other means taken to protect the men 
from imposition. 

Ill order to induce good woodcutters to become attached to 
the forest, as far as possible, permanent work should be pro- 
vided for them ; certain works should be kept in abeyance, so 
that as soon as the harvest or other agricultural business is 
over work may he found for the strong young woodcutters. 
Naturally, in such cases, the best and most trustworthy men 
will be most favoured. Attempts also should be made to 
lighten the men’s work, by constructing woodcutters’ huts 
ill remote felling-areas and iniroilueing labour-saving 
appliances. 

Another effective incentive is to offer the men forest privi- 
leges at low rates. Such privileges are highly valued by 
country people, and they think nothing of the labour involved 
to themselves in taking advantage of them. 

Within the limits allowed by Forest Protection many a 
privilege of little value may be bestowed, which is paid for ten- 
fold by the services of good woodcutters, Such are : — assign- 
ing small allotments of forest lands for cultivation at a low 
rent, during the good behaviour of the woodcutter ; or of 
building- timber, at cheap rates, for the construction of new 
woodcutters’ houses, or repairs of old ones. 

Appointments, when vacancies arise, of useful woodcutters 
who have served long in the forest, as forest-guards, fire- 
watchers, road-guards, foremen, etc., can be given but rarely, 
but may be mentioned with the other means of attracliiig 
good men to the forest. The frequently indifferent pay of 
oiest-guards, and in Germany, the preference given to old 
soldiers for these posts, often render this impracticable. 

In many forest districts friendly societies are established to 
w ieh every woodcutter is obliged to contribute a certain per- 
centage^ of his wages, and the forest-owner also contributes 
pAopoitionally. From these deposits allowances are made in 
of sickness or accident, and usually also to old wood- 
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cutters’ widows and orphans. If these societies are to be real 
incentives to a steady labour- force, they must dispose of 
sufficient capital and offer real and sufficient help in times of 
need. Several of these funds are very substantial concerns ; 
as at Clausthal in Hanover, in the Sihlwald belonging to the 
town of Zurich and other localities. There is now a general 
Imperial Fund for the whole of Germany to provide insurance 
against accident, and pensions in old age for workmen of all 
classes ; from this fund the best results may be expected. 
In Bavaria, by a State decree of the 2()th December, 1898, 
this now includes allowances to forest workmen in cases of 
sickness. 


Section IL — Woodcutters’ Implements. 

Although custom, experience, and skill may to a certain 
extent supply the want of good implements, it cannot be 
denied that, in every industry, not only more but better work 
can be done with good tools than with bad ones. This must 
necessarily be the case in forestry, and the more so, the less 
skilful and experienced are the woodcutters who are employed. 
The supply of good implements is, tliereforc, an important 
object for the forest- manager which he must always keep in 
view. 

Woodcutters’ implements are classified according as they arc 
used for hewing, sawing, splitting or grubbing-up the wood. 

1. Hewiuff Implements. 

Hewing implements include felling- axes, trimming-axos 
and the billhook. The two former are heavier than the last, 
and are used with both liands on large timber, whilst the 
billhook is used with one hand only, for cutting saplings and 
brushwood. The two kinds of axes differ, in that the former 
is sharpened symmetrically on both sides of its edge, and is 
used for converting wood in the rough; the trimming-ax® 
is used for shaping the w’ood, it has an unsymmetrical edge, 
flat on one side and sloping on the other. 

Axe- heads of both kinds are made out of oblong pieces of 
which are beaten thin at tlie ends, and then bent to form an ey® 
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for the handle. In order to give the axe a sharp edge, a wedge- 
shaped piece of steel is placed between the thin iron ends, and 
they are then welded together, or in the trimming-axe a steel 
plate is welded to the side which remains flat. 

The felling-axe is the handiest of all woodcutters’ tools, 
and in cases of necessity, however improperly, it may be used 
as a substitute for almost any other tool. It consists of the 
axe-head and handle, the latter made of a tough split piece of 
ash, hornbeam, beech, rohinia, hickory or whiteheam; the hole 
in the axe-head into which the handle fits is termed the eye, 
and usually widens-out on the side opposite that where the 
handle is inserted, to allow of a wedge being driven in to hold 
the handle firmly in its place. The part of the axe away 
from its edge, including the eye, is termed the back, and may 
be curved or fiat, and in the latter case is of steel. The cut- 
ting part is termed the blade, which may also be either straight 
or curved. 

The characteristics of a good axe are : that the edge shall 
be sharp and the steel of which it is composed possess the 
proper degree of tempering, so that when used, on the one 
hand, it may retain its cutting-edge without the latter becom- 
ing bent, and on the other, the edge may not be too hard, and 
break. As regards shape, the axe should form a tapering 
wedge with smooth sides. In order to reduce friction as 
much as possible, the sides of the axe should be slightly 
convex, or there should be a slight projection in the middle of 
the blade. The weight of an axe, its size and relative dimen- 
sions depend on whether it is to be used for hard and heavy, 
01 soft, light wood. In the former case the action is chiefly 
cutting ; a finer edge is then required and the axe should be 
lighter and thinner than one used tor softwoods, which in 
all parts, and especially in the back, is thicker and broader 
than the hardwood axe, actinp more like a wedge. 

Ill no case, however, should the axe be too large or heavy, 
as It then fatigues the woodcutter and does not work so 
Monomically as a lighter implement. 

The axe.handle is sometimes straight and sometimes curved, 
me imes parallel to the edge and sometimes bending from 
towards it. It is difficult to decide which shaiie is most 
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advantageous; it is often made so as to taper away from the 
end, and thus afford a better hold. 

Fig. 65 shows the shape of the Keuebeclc American axe, the 
edge of which is made of compressed steel and lasts almost 
iiuleliriitely. It is said to tire the woodcutter less than any 
other axe, and can be used to cut horizontally. It is made in two 
sizes, weighing respectively 5J and 7 ll)s,, 
including the handle, and costs from 15 to 
20 shillings a dozen. The handles are 
usually feet long, a longer one being 
inconvenient, though they are sometiiiK's 
used up to SJ feet in the Spessart and 
eastern parts of the Black Forest. The use 
of these axes is spreading widely throughout 
Germany. 

Two kinds of axes may be distinguished, 
viz. : the felling-axe, and the axe for cleav- 
ing or splitting wood. 

(a) Felling - Axes. — The felling -axe is 
used for felling trees, chiefly large ones 
which offer considerable resistance to 
felling. 

Only exceptionally do woodcutters use two 
axes, the felling-axe and the lopping-axe, 
and the latter is not required in broad- 
leaved forests. 

The Saxon axe (Fig. 66) is quite straight- 
bladed from back to edge, and forms a com- 
plete wedge ; the faces are slightly curved 
Fig. o:>. - Aniericari outwards, the handle is straight, and 0'75 
meter (29 inches) long. The Plarz axe 
(Fig. 67) is shorter, broader, and the faces liardly curved at 
all. The Bohemian axo (Fig. 68), also used in Moravia and 
Silesia, resembles the Saxon axe, but is bent downwards. 
The Carpathian axe (Fig. 69) is broader than those already 
described and is used also for splitting wood. The axe used 
in the Bavarian Alps (Fig. 70) is a light axe with a rounded 
back; the Black Forest axo (Fig. 71) resembles it, but is 
shorter, broader, and heavier, and owing to the large timber 
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In the same region the double-axe (Fig. 73) is used, 'Which 
has a smaller head for small wood ; it weighs only 1*40 kilo- 
grams (3 pounds). The Thnringian axe (Fig, 74) somewhat 



resembles the Saxon axe. The characteristic shape of the 
Norwegian axe may be seen from Fig. 75 ; it is considered a 
very workmanlike instrument. 

Figs, 76, 77, and 78 show French axes* with very light 

* From Bopix*, “Technologic Korestiere.*' 



AXES. 


179 


handles, they lighten the labour but render precision in cutting 
difficult. The Finnish axe (Fig. 79) is the lightest of all, and 
only 6 inches long so that half its weight is sheathed on 
the handle. 

The main difference between the American axe and the 



Fig. 7G. — French axe. 



Fig. 77.— Breton axe. 



Fig. 78. — Eorraine axe. 


various European axes consists in the devices for preventing 
its jamming and sticking in the cut. The faces of an axe are 
either provided along their middle line with a prominent ridge, 
or as in the Pennsylvanian axe (Fig. 65), are strongly curved 
outwards. The blade of the latter is 
made of compressed steel, hardly wears 
at all, and works well. By general con- 
sent this axe is considered to save labour 
and tire the men less than many German 
axes, owing to its convenient handle and 
freedom from sticking ; it is used chiefly 
for softwoods. [The American axe is not, 
however, adapted for hard, tropical wood, 
for which the use of a narrower and 
lighter axe is advisable.— Tr.] 

(b) Trimming-Axes. — The trimming-axe Fig. 70 .— Finnish axe. 
is used by woodcutters for trimming-off 
side-pieces of balks, and by the carpenter in preparing timber 
for building and other purposes. In Germany it is usually 
of the shape given in Fig. 80, having only one edge, the 
blade being curved inwards to allow sufficient play for the 
band of the operator. The handle is short, usually to 
^ feet, and the workman uses it sideways frotn the side of the 

N 2 
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log he is trimming. Another shape (Fig. 78) is in use in 
the Black Forest, being more convenient on rocky and difficult 
ground than the former. 

[Trimming-axes in India generally are shaped symmetrically, 
but much larger and heavier than ordinary axes, weighing up 
to 8 pounds and more. The workman stands on the top of 
the log and trims-off side-pieces by swinging the axe vertically 
and merely allowing its own weight to act. The handles for 



these trimming-axes are to feet long so as to givp 
sufficient momentum. — Ti\] 

(c) The Billhook. — Billhooks may be of various shapes; 
they are used chiefly for cutting coppice or fascines, and in 
lopping branches from trees. Fig. 82 shows the common 
German billhook, the backward turn of the blade at its top 
being useful in pulling out the ends of withes while tyin^? 
faggots. The English fascine-knife {Fig. 83) is 21 inches long 
and very serviceable in cutting fascines. Fig. 84 represents 
a very serviceable billhook; it is half an inch thick at the 
back, and has a cutting edge at a for cutting through branches 
placed on a piece of wood, as well as its ordinary cutting edge 
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Courval has invented a pruning billhook (Fig. 84) which is 
16 inches long and weighs about ^ pounds; 


it is made thickest along its axis in order to 
add weight to its cuts. According to Courval 
all kinds of pruning, even of large boughs, 
may be effected with this instrument. 




Fig. 82. Fig. 83. Fig. 84. Fig. 85. Fig. 86. 

Forms of billhook. CourvaFs tree-piuner, American thorn-hook. 


The American thorn-hook (Fig. 86) is used for lopping ; its 
head weighs 2| to 3 pounds.* 


2. Saws. 

(a) General Account.— Saws are used by woodcutters for 
felling trees, and for reducing the length of logs and branches 
at right angles to their axis. A saw may be used for such 
a purpose much more economically than an axe, wdiich wastes 
much of the wood. Under certain circumstances and on 
difficult ground, the work may be done more expeditiously 
With an axe. The amount of time spent in sawing may vary 
from 20 per cent, to 40 and 70 per cent, of the whole time 
of the woodcutters on the felling-area. 

be obtained from J. D. Dominicus & Sods, Remscheid-Vicrioghausen. 
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Formerly forest saws were rolled out of wrought iron, and 
the rolled blade was then hammered cold to make it hard 
and elastic. At present, saws are made of cast steel, and work 
more easily than the older implements. Owing to the superior 
toughness of the steel they retain their edge and set better, 
and, owing to their smooth sides, they cause much less friction 
in use than the iron saws. 

Saws have to overcome not only the resistance of the wood, 
but also the friction of their sides against the rough surface of 
the wood which is being sawn and the sawdust that collects 
between the teeth. Their teeth act chiefly by tearing the 
wood-fibres asunder'^, and so much the more, the more porous 
the wood and the longer and tougher the wood-fibres ; this is 
tlierefore especially the case with soft, broadleaved and coni- 
ferous woods. In the case of hard broadleaved woods, this 
tearing action is superseded partly by a cutting action. The 
more a saw tears the fibres apart the greater the amount 
of sawdust, which is therefore most abundant in the case of 
softw^oods. 

(b) Mode of Construction of Saws, — Saws are constructed 
differently according to the uses for which they are intended : 
they vary in shape, length, weight, and shape of teeth. 

They may be used either for large or small timber. In the 
former case they cut both ways, are worked by two men 
and termed two-handed saws. In the latter case they cut only 
one way and are one-handed : such saws rarely exceed Id to 

feet in length, whilst the two-handed saws may be to (Id 
feet long, their lejigth being determined by the diameter of 
the piece to be sawn, and the distance through which the 
arm moves. The weight of a saw^ depends also on its 
length. 

The construction of the teeth of saws varies considerahly. 
Fach tootli may he either symmetrical or uiiHymmetrical, and 
the teeth vary in depth, thickness and distance from toie 
another, each of which points affects the working of the sa'v. 

As regards the shape of the teeth, a distinction must be 
made between those cutting one or both ways. In the former 
case they are shaped usually as in Fig. 87, that of a 
* Vule. Hi). 
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angled triangle, the shorter side of the triangle or face of the 
tooth being at right angles, or nearly so, to the line of their 
insertion on the saw. In English saws the hypotenuse, or 
back of the teeth, is cut-out in a curve (Fig. 88). Such teeth 



Fig. 87,— Oblique triangular teeth. Fig. 88*— Oblique socket teeth. 

arc used only in the case of one-handed saws, or in pit-sawa 
used by woodcutters for sawing timber longitudinally. 

Forest saws which cut both ways require teeth of a different 
shape. They are always symmetrical, and usually bounded by 



Fig. 89,— Krect dog teeth. Fig. 90.— The Harz saw. 


straight lines ; dog teeth , as in Fig. 89 ; curved teeth, as in Fig. 90, 
the Harz saw ; or are so-called M teeth, Figs. 91 and 92, 
which cut both ways. American saws have teeth as shown in 
Figs. 93 and 94, in the latter, dog and IVI teeth are combined. 



Fig. 92. 

Simple M teeth. 



Fig, 911,— Revellctl American teeth, 


^pace must be allowed between the teeth for the escape of 
the sawdust, which requires four to six times the space of the 
^ood from which it is taken. This is provided by giving the 
teeth a much greater depth at a 6 (Fig. 95) than their cutting 
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edge a c, and by leaving a larger space between the teeth than 
their own area. In old-fashioned saws this was provided for by 
breaking-oif the tops of some of the teeth at regular intervals, 



rig 94. — American combined dog and M tcetli. 


as in Fig. 96, but such imperfect teeth are not found in modem 
saws. The dog teeth between the combined M teeth of 
American saws may be considered as planing-teeth for rernov- 



Fig. 9.5.— Saw w ith deep intervals Kig. 9(),— Saw with imj>erfect teeth, 
between tlie teeth. 


ing splinters of wood, as they are not set like the other teeth. 
They may also serve as cutting teeth and then are sharpened. 

(c) Shape of Saws. — Various kinds of saws have come into 
use in different countries, of which the following are the most 
serviceable : — 

i. Two-handed Saws. 

The two-handed forest saws comprise the straight, bow, 
and curved cross-cut saws. 

The straight cross-cut saw is 4J by 5 feet long, with a 



breadth of blade oi 41 to inches. The handles are placed 
at right angles to the cutting edge of the saw, which consists 
of dog teeth with some shortened ones, and the blade is 
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slightly convex. They are used by Tyrolese and Italians to 
saw up railway -sleepers. Such saws are also used in broad- 
leaved forests, where there is much large timber, as in the 
Spessart and the Rhine Valley. 

American straight saws, termed NoupareU saws (Figs. 97 



and 98), from Disston & Sons, Philadelphia, are used now 
largely in Germany ; experience shows that their outturn in 
broadleaved forests is 35 to 40 per cent, more than that of 



the ordinary straight German saws. In coniferous forests 
on the other hand, they have not proved superior to the 
Tyrolese curved saw (Fig. 101). The Nonpareil saw is made of 



Kij?. 100. -Roliemian bow-saw. 


tlie best steel, and has an ingenious contrivance for fastening 
fuid removing the handles. 

The bow-saw (Fig. 09), which partakes of the character of a 
straight cross-cut saw, has a straight thin blade, which is kept 
rigid by means of a bow. More exertion is required to work 
it than the other cross-cut saws, and it is serviceable only 
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wheJi short. The width of the blade varies considerably. 
Fig. 100 represents the broad blade of the Bohemian bow-saw. 
The bow is made of a sapling of spruce, rowan or hazel, also 
of elm and ash ; recently it has been made of metal, with 
tension screws. It is much used in North Germany, also in 



Kiij. 101. — Tyrolese curved saw. 


Bohemia, ^Moravia and Eussia, but is not known in South 
Germany. 

The Tyrolese curved cross-cut saw is constructed as shown 
in Fig. 101, and the dog teeth are often made longer in the 
middle than at the two ends, where they are less in use. 



These curved saws vary in length and curvature, and are 
either straight or slightly curved inwards at the back ; they 
are extensively used. 

The Thuriiigian, or Saxon saw {Fig. 102) may be taken as 
the type of a saw in which not only the edge, but also the hatik 
of the blade, is curved. It is a very light and short saw, lait 
is strong and turns out good work. It is not suitable for very 
broad cuts, as when made long it is not stiff enough, hi 
spite of this defect, it has, however, recently been introduce<^l 
into several districts in the Black Forest. 

K. Gayer and Kast* have tested the work done by cross-cut 

* Gayer u. Hast, “lieitnige xur Krmittliing der JA,'iRtunB«fflihigkcit 
Waldsiigoij,'’ ill I’miib fuiolwiBHcnscIi. yJciiUfilbl., isyU, [>|». 417—17*^. 
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saws and according to their advice Dorainicus & Sons have 
constructed an ideal saw, in their “ Non plus ultra.” This 
combines the advantages of the Tyrolese curved saw, with that 



Fig. ms. — “Non plus ultra” saw of Uominicus, 


of perforation of the blade (p. 191). Such saws vary in 
length from 4 ft. 2 in. to 5 ft. 10 in., and weigh 3 lbs. 3 ozs. to 
5 lbs. 12 ozs. and are sold at 8s. 6d. to 13s. each {Fig. 103). 

An important adjunct to all 
saws are the handles and the 
arrangements for fixing them to 
the blade. In the older sawsj 
the blade terminates at each end 
with spikes, which are driven 
into the wooden handles. 

American saws have, however, 
a better device, the blade not 
being provided with spikes, but 
the handles fixed to it by means 
of screws and nuts, the former 
passing through holes in the blade, as shown in Fig. 104, 
This allows the handles to be removed readily, and the blade 
withdrawn from the cut ; the blade can even turn on the 
handle, Fig. 105. 

ii. One-handed Sau'8. 

One-handed saws are used chiefly for removing branches and 
for pruning : pruning-saws have been described in ^lanual 
of Forestry, Vol. II., 3rd ed. p. 287. In one-handed saws the 
hlade may l>e kept stiff either by a bow or by being made 
sufficiently thick. In bow-saws the teeth are oblique and 
flieir points are inclined forwards if the work is done with an 
^pward stroke, or backwards for a downward stroke. Ahler’s 

ow-saw (Fig. 106), has a removable blade arranged so as 



Fig. I Of. Fig. 105. 

Renioviible pa^Y-handlcs. 
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to cut either way, with a bow that can be adjusted by means 
of a screw\ [A frame-saw used in the North 
West Himalayas is shown in Fig. 107 ; the blade 
is of thin rolled steel and the teeth slightly 
set; it is kept stiff by catgut, which is twisted 
tight by the small piece of wood a, — Tr.] 
One-handed saws without a how are 
stiffened by increasing the thickness of the 
blade, that diminishes from the teeth edges 
towards the back of the saw; they are used 
for cutting poles or branches, and are called 
“Fox- tail saws.” 

Fig. 108 represents an American fox-tail 


Fig. lOa— Ahler’s 

bow-saw. Fig. 107,— IMmalayaii saw. (After Fernantlcz.) 

saw made by Disston & Sons, Philadelphia, for forest work. 
It is used for cutting logs of moderate thickness into lengths, 
and is very serviceable. It is constructed in lengths of 3^, 4, 
4J, 5, 5J, and G feet long, and costs 8s. to 10s. 



Fig. los. 


In using saws for cutting-up poles from thinnings or coppice 
the wcodcutter improvises a sawing-block, on which he cuts up 
the poles into billets. This mode of sawing firewood is 
greatly preferable to cutting poles into lengths with the axe, 
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as it is more economical of the wood, and, after a little 
experience, is more labour-saving than the latter method, 

iii. Machine-saws. 

Attempts have often been made to fell trees by machine- 
saws driven by steam or hand-power, Eansome’s steam-saw, 
manufactured by A. Koppel, Berlin, as shown in Fig. 109, 
is the best known in Germany. Hitherto the use of these 



Fig, lOi). 


saws has not proved effective in European forests. In 
North America, where trees are either felled in the open, or 
wholesale in forests, without any care for the undergrowth, 
they may be serviceable : but chiefly the axe is used in the 
extensive Pacific Coast and mountain forests. 

(d) Mode of Using Forest Saws. 

This depends on the material of which the saw is composed, 
its shape, dimensions, curvature, weight, shape of teeth, 
amount of set or extent to which the teeth are bent to either 
side of the plane of the blade, their degree of sharpness, and, 
finally, on the kind of wood to be cut and the use to be made 
of the wood. The strength of the workman and his degree of 
skill in using saws are also important factors in the question, 
although it is difficult to estimate them. 

The material of which the saw’ is made is so far important, as 
it determines its temper and how long it will remain sufficiently 
sharp and retain its set. Saws rolled out of cast steel are best 
in these respects, 

A-S regards shape, curved saws are preferable to straight 
ones, especially for coniferous - wood, and a radius of fl feet 
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gives the most suitable curvature for general work. The 
Nonpareil saw is the best of the straight saws. 

For practised sawyers, working with a curved saw is less 
fatiguing and the motion corresponds better with the move- 
ment of tlie arms than in using straight saws ; the sawyer can 
also work in a more upright and less cramped position in the 
former case. 

With a curved saw there is also more room for the sawdust, 
and the latter is less hindering to the work owing to the 
curvature of the saw (Fig. 110), It must, however, be admitted 
that the use of curved saws requires more skilled and expe- 
rienced sawyers than that of the straight saw, for the curved 
saw is more liable to stick when the blade is not always working 

in the same plane, a difficult 
thing to secure at first. The 
chief rule is to guide the saw 
lightly, and use no unneces- 
sary force. In the case, 
therefore, of unskilled saw- 
yers, such us men only 
occasionally employed in 
sawing, it is better to re- 

Fig. Iio.-Cutting line of a curved saw. „se of 

straight saws. For skilful sawyers, in coniferous forests, the 
curved saw only should be used. 

As regards the length of saws, there is more risk of the 
blade bending and buckling (or sticking in the wood), if the 
saw be too long, while very short saws tire out the sawyers, 
and cannot be used with large timber. Lengths from 'U to 
5 feet, with a breadth of SJ inches without the teeth, are the 
most effective dimensions for a cross-cut saw. 

As regards the thickness of the blade, all saws should 
become gradually thicker away from the back, but the thick- 
ness should be only sufficient to prevent too great liability 
bend. 

As regards weight, saws should not b^too light, or their use 
becomes very fatiguing, and pounds is the best weight. 

The construction of the teeth is of importance and dog 
teeth are most effective ; M teeth, however, give good re^jults 
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as shown by the “ Nonpareil ” saw. Triangular or dog-teeth 
should be | inch high and J inch wide. The spacing between 
the teeth should be double their width, and this suffices 
for coniferous as well as broadleaved wood. Wider spacing 
than this, by reducing the number of teeth, impairs the 
efficiency of the saw. The slit made in a piece of wood 
by a saw is termed the kerf. 

The teeth are sharpened with a triangular file (better with 



Fig. 111.— Sharpening of the teeth. 


a two-faced one), and this should be done until the sides of the 
teeth that meet the wood are as sharp as knives. Saws which 
work both ways must have their teeth sharpened on both sides, 
but one-iianded saws on one side 
only. As all forest saws are set, 
the stroke of the file must be 
alwa^ys, as in Fig. Ill, on the 
inner side of the teeth. When a 
saw has been properly sharpened, 
the tops of the teeth must not 
project above a general line, or 
the projecting ones will be broken. 

k 1 . . . Ml Fig. 112.— Perforated saw-blftde. 

A good saw in constant use will ^ 
require sharpening only every five or six days. 

It is highly important that the teeth should retain their 
proper shape, while constant use of the saw and frequent and 





Fig. 1 IS. —Perforated saw. 

unskilful sharpening gradually alter it. Messrs. Dominicus & 
of Remscheid, Jiave introduced perforated saw-blades by 
which this defect may be remedied. Fig. 112 shows how this is 
<^one, and how the teeth drawn successively on the blade below 
the original set can be filed down gradually by the workmen, 
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as the original teeth become worn-out. Fig. 112 shows how 
the perforations are made in a straight cross-cut saw. 

Saws are set in order that the blade may be drawn easily 
backwards and forwards in the wood without buckling ; this is 
effected by forcing over the successive teeth alternately to the 
right and left of the axis of the blade. In order that setting 
may be effected properly, the metal must be suidiciently soft 
for the teeth to bend without breaking, but the blade must 
not be too soft, or the teeth will retain neither their edge nor 
their set. 

By use, the teeth lose their sharpness and come back into 


Fig. 114.— Key. 



their original position. The chief excellence of cast-steel saws 
consists in the fact that they retain their edge and set, much 
better than old-fashioned saws. If any of the teeth are too 
hard they can be softened by bolding them for a few secondii 
betw’een a pair of red-hot pincers. P^or setting the teeth of 
saws, a key, usually of the shape shown in Fig. 114, is used, 
the teeth being held in one of the grooves, and then bent over. 
Fig. 115 is a mechanical apparatus for setting the teeth of 
saws in a very regular manner. The blade hi n (shown m 
section) rests on the adjustable screw d p, which may be raised 
or lowered, and on the anvil o o, so that the teeth pass succes* 
sively between a a, and are bent by the hammer k. 
apparatus is hxed firmly to a solid basis by the spike c. 
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t'ig. 116 represents a mechanical saw-set by Blasberg of 
Uemscheid, and Fig. 117 an American one by Movill ; in both 
of them a is a bar \Yhich drives the teeth into position. 



Fig. IIG.— Klasberg’s setting-iron. Fig. 117.— Morill’s setting-iron. 


A wider set is usual with softwoods than with hardwoods, 
and long saws also require a wider set tbaii short ones. The 






Fig. 118. — rit-s;i\v. (After Fernandez.) 




set should never be more than double the width of the blade 
at the base of the teeth. 

Recently in America saws have been much used with per- 



iiiauently set teeth, their thichness being greater than the 
blade of the saw. 

The action of sawing is furthermore affected by the resistance 
® the diffisrent woods ; this is greater in large pieces than in 
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smaller ones and for trees with knots than for even-grained 
wood ; the degrees of resistance offered by woods of different 
species of trees to sawing have been already given (p. 114), 
The measure of the Avork done by a saw is the surface saAvn 
per minute, measured in square feet ; a good cast-steel saw 
frequently will do three times the Avork of inferior saws, and 
thus Avill save labour considerably. In transporting saAvs, the 
teeth should be covered by a wooden sheath, both to protect 
them, and the transport employees. 

[Pit-saws (Fig. 118) for longitudinal saAving are not so much 
used in forests as Avas formerly the case, owing to the fact 
that, generally, logs are removed in the round from forests and 
converted into planks, etc., in saAvmills. Pit-saAvs are, how- 
eAw, used still in the Foret Mormal, in France, for sawing 
curved oakAvood for barges. Such saws also are used largely 
in Indian forests ; also frame-saws (Fig. 119) Avhich have very 
thill blades and are easily transportable, the frames being 
made in the forest. *In Indian saws also the teotli are tiled 
BO that the cutting edge is towards the operator, and mucli 
thinner blades can bo used than ay hen tlie saws cut in thrust 
as in Europe.— Tr.] 

8. Took for Splitting Wood. 

For splitting Avood and also for felling trees iron or wooden 
wedges and the eleaving-axe are required. 

(a) Wedges. — Iron a\ edges have usually a Avoodeii head, 
which is surrounded by an iron ring to prevent it from split- 
ting (Fig. 120). Wedges may be made also entirely of iron, 
but they are then driven into the wood by a beetle or wooden 
mallet, whilst the Avooden -topped wedges may be driven in 
Avith the flat steel back of a splitting axe. 

Wooden wedges (Fig. 121) are prepared by the wooden Her 
out of tough middle-aged beech or hornbeam wood, and 
frequently are surrounded at the head by an iron ring. 

Iron wedges are considered more serviceable for spliltiug 
tough wood; Avhen wooden wedges are used, a cleft must 
be made previously in the Avood with a cleaving axe. There 
is, hoAvever, a risk that iron Avedges may spring out of 
* Fernandez, “ Utilization of Foresta,” p. 86. 
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wood, the friction against their smooth sides being less than 
with wooden wedges ; this happens not unfrequently with 
cracked or frozen wood. Sand or dry earth is placed in the 



Fig. 122. 

JUfcssiiig'*-; s(;re\v wcOge. 

cleft to prevent this, and a proper shape of the w'edge renders 
it less likely to happen. Thus, if the sides of the wedge be 
Hat instead of curved, or grooves ^ inch broad and J inch deep 



Fig. 123,— Sehniiclic’s toothed wctlge. Nos. are conliiucteis. 
are cut in them, during use the wood is pressed into these 
grooves and the wedge thus iirmly held. 

Quite recently a screw wedge (Fig. 122) has been invented 
hy Blessing for use while trees are being felled ; this is 
held fast by the wood, but is not to be recommended. 

0 2 


Fig, 12(1. 

Iron wodges with wooden tojw. 


Fig. 121, 
Wooden wcilg 
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Fig. 123 represents a toothed wedge, invented by Sehmicl^c, 
which is used for forcing over a felled tree, or splitting tough 
roots, the wedge is driven in up to (a), the bolt (a) then removed 
and (c) forced outwards by the screw (h). 

Small wedges are placed in the cut behind the blade of a 
cross-cut saw, to facilitate sawing. 

(b) Cleaving - axes. — The cleaving-axe differs from the 
felling-axe by its superior w^eight, size and greater resejn- 
blance to a ^Yedge. It weighs generally 4^ to pounds, or even 
up to 8 pounds in special cases, but resembles a felling-axe in 




shape, except that its back is fiat, and made of steel, to render 
it more suitable for driving wedges into wood. 

Fig 124 represents the cleaving-axe used in the Harz, it is 
two inches (5*5 centimeters) broad at the back, and weighs 
about 5 J pounds. Fig. 125 is an axo used in Upper Bavaria and 
weighs about 5 pounds, its flat back is used for breaking off dead 
stumps from felled stems as well as for driving in wedges. 
Fig. 12G is the Thuringian cleaving-axe, and is very heavy. 
The Bohemian cleaving-axe (Fig. 127) has the stoutest shape 
of all these axes, and may be used for splitting firewood into 
the smallest pieces used for stoves. The Vienna cleaving-axe 
(Fig. 128) weighs up to 9 pounds. Fig. 129 represents 
an axe used in certain districts in Silesia, and is a good 
implement. 
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The divider (Fig. 337, p. 595) will be described as a tool used 
for splitting staves. Other tools and machines used for split- 
ting firewood into small pieces in towns are not woodcutters’ 
implements. 

A method of felling trees by using a platinum wire heated 



to a white heat by electricity is described in he Jardin for 
December, 1895. By its means the tree is severed more easily 
and rapidly than by the saw ; no sawdust is made, and the 
slight eliarring produced by the burning wire preserves tlie 
wood. This method is said to lie eight times as speedy as 
when a saw is used. 


4. Implcnicids for Extradinif and Splittiiiii Stnmps ami 
Roots. 

Implements of a very simple nature are used in converting 
the parts of ‘a tree which are above ground ; those used for 
extracting and converting the stumps and roots are much 
more complicated. 

(a) Simple Grubbing Implements,— The simplest tools used 
gi'ubbiug-out roots are the mattock, the pick, the pick-axe 
^ml the grubbing-axe. Also short saws wedges, crowbars are 
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used for severing, removing or splitting the stumps and roots 
of a tree. 

The mattock (Fig. 130) is about one foot long and 2 to 2i 
inches l)i'oad, it is made of good steel and strongly fixed to its 



handle and is used for digging into the ground and severing 
small roots. The inck (Fig. 132), which is sharply pointed, is 
used as well as the mattock for this purpose on stony ground, 
and both tools may be combined in 
the form of the common pick -axe 
(Fig. 131). 

The grubl)ing-axe serves for severing 
the exposed larger side-roots, and is 
merely a small -edged felling-axe (Fig. 
133); as, however, it wears out rapidly 
owing to the stones, etc., with which it 
comes in contact, usually a worn axe no 
longer serviccahle for felling trees is 
used for the pur|X)se. 

In order to separate lai'ge sju’eading side-roots from the 
stump of a tree, generally a saw is used instead of an axe, 
and the ordinary carpenters’ frame-saw is preferred. 

Tough wooden levers, the size of a cart-pole, and G to 10 
feet long, which are cut into wedges at one end, are used for 



Fig. 133.— ]U>liemian 
f.'rubbin(j-axc. 
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breaking up the side-roots after they have been separa;ted 
from the stump. Besides these levers, wooden wedges of 
different sizes are used and their use will be explained further 
on with the operation of uprooting stumps. 

A long iron wedge fitting over a wooden handle, the end of 
which is surrounded by an iron ring, is used also in separating 
deeply situated roots. 

Fig. 134 represents a hook which fits over a tall thin coni- 
ferous pole ; a rope is fastened to it by means of which, 
after the hook has been attached to a branch, a tree may be 
pnlU'd over by the roots. 

Sometimes the hook is fastened merely to a rope and may 
be attached to a branch by a man climbing the tree. This plan 
can be employed only in the case of tall slender stems, as 
climbing trees to attach the hook wastes too much time. 

(b) Machines for removing Stumps.—In order to save 
much of the labour involved in using the tools just described 
for grubbing-out roots, various machines 


have been invented for the purpose. 
Of numerous modern inventions only 
the Hawkeye machine, the forest-devil, 
the kant-iron and lever, Wohmann’s 
machine and the screw-jack will be 
described. 

The Hawkeye machine (BTg. 135) con- 
sists of an iron vertical axle fixed on a 
firm support, moving in sockets placed 
above and below it, and surrounded by 
a drum c. This drum can he firmly 
attached to the axle, or loosened from it 
means of the lever h. The axle with 
the drum attached is set in motion by 
a iiorse moving the shaft a, and thus a 
flexible steel rope 160 feet long which 
attached at one end to the drum 



Fig. liM, -Tree-hook. 


may be wound round the latter. The rope passes round the 
palley which is attached to a powerful hook fixed to the 
®himp U to fjo extracted, the other end of the rope is also 
attaclied by another hook to a support C. The distances, A if, 
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E Of 3B sho^^ri 
in the figure^ 
should be in> 
creased rela- 
tively from 0 to 
10 fold. 

The Hawkeye 
machine is ex- 
tremely power- 
ful, and not only 
pulls out the 
stump, but also 
the long lateral 
roots attached to 
it. It is speci- 
ally useful in 
clearing w^ood- 
land for agricul- 
ture, and may 
be used also for 
uprooting trees. 
In one day, with 
a horse and two 
men, 20 to 25 
large 8tui)i[)s 
may be extracted 
at a cost of about 
15 shillings. 
The machine 
may he imr- 
chased for I'dfj 
from llrandt at 
Munich, agent 
to the firm of 
James Milne & 
Son, Mantieello, 
Iowa, U.S. 

Another root- 
extractor is 
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termed the forest-devil, and has been in use from time 
immemorial in Switzerland and also for forty years in 
Germany. It consists, as shown in Fig. 136, of two strong 
iron chains between wliich a wooden lever works. One end of 



the chain A is fastened to a neighbouring strong root, 
stump, or tree, and the other is attached to the lever, at 
its fulcrum f). The second chain B is placed round the tree 
or stumps to be extracted, which must naturally offer less 



187.— Levor and hook. 


resistance than that to which A is fastened ; it is connected 
With the lever alternately by means of two short chains each 
terminating in a hook. By then moving the lever backwards 
forwards and hooking first one and tlien the other of tliese 
chains into links of B, the tree or stump may be extracted. A 
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strong rope may be used instead of most of the length of as long 
as there are sufficient links in the chain for working the lever. 
Another method for extracting stumps is shown in 



Fig. 138. — Lever and hooki 


Figs. 1B7, 188, by means of a lever with a sliding ring and 
kant-iron or iiook. 

Wohmann^s machine for pushing down trees is shown in 



Fig. 189. It consists of a long coniferous pole with an iron 
spike at one end, and at the other end it is bored, as shown in 
Fig. 140, to admit a short iron bolt. 
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This pole is fixed into the tree and then the other end is 
placed on a grooved board and lifted from groove to groove by 
two iron levers. In this way the tree is gradually pushed over, 



the action being most effective when the pole is at an angle of 
al)out 45^^ with the board. 

The great weight, about 5 cwt., of this machine has pre- 



Fig. 141.— Screw-jack. 

Vented its coming into general use, but Draudt has constructed 
of only half that weight, and Lanbeiiheimer has substi- 
^ od for the grooved plank an endless iron screw, on which a 
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car supporting the pole is moved forward by means of a winch, 
and he states that this gives 8 to 10 times the pressure of the 
original arrangement. 

Ordinary screw-jacks (Fig. 141), are used also with advan- 
tage, as in the Schwarzwald, for uprooting trees and stumps. 
Kecently, in AYurttemberg, a portable windlass has been used 
with good results both for uprooting trees and stumps, and for 
dragging loads of timber up steep inclines. Provided that 
the cost of working it is not too great, its use is to be recom- 
mended on account of its great power and adaptability. 

[The Da'acineuse Lobo used for extracting trees by the 
roots i[i Belgium is a gear of three legs on slides, by which it 
call be moved from tree to tree ; also a system of pulleys und 
chains with toothed apparatus to be driven into the base of 
each tree. It is worked by six men and not only saves about 
^7 per acre in wood, and luboiir, including ploughing up the 
ground at per acre, but enables the land to be planted up 
at once without any fear of the pine-weevil.* — Tr.] 

Section HI. — Se.\son for Felling. 

The proper season for felling depends on several eireiim- 
stances, of which the most important are, — the climatic con- 
ditions, available labour force, mode of felling, technical 
quality of the outturn, jiiid species of tree, besides soiueotlior 
special points depending on particular cases. 

1. Climatic Couditiuus, 

These are in many regions the most important of all thecii' 
cuiiistances which determine the season for felling; for where 
the winter is severe and the fall of snow heavy and lasting, so 
that outdoor work has to stop, as iti most high mountain dis- 
tricts and in many localities only moderately elevated, forest 
work during winter may be impossible. In case fellings 
cannot be carried on during winter, transport by means ni 
sledges, which is facilitated by the snow, may he ejected. In 
high mountain regions, therefore, transiiort of timber and 
firew'ood is the chief occupation during winter. In plains and 

• (f. Uepoi tof jaixicwliiigs of U. E, Aib. Society for lUOti. 
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low hillf? the severity of winter rarely interferes with the work 
of felling} which is generally continued uninterruptedly during 
this season. 

2, Avitilahle LohouV’Force. 

In most districts labour is more abundant in winter than in 
summer, when agriculture offers constant employment. In 
case, therefore, other stronger reasons to the contrary do not 
exist, forest management is interested in utilising the other- 
wise unemployed winter labour-force. 

This is the more urgent, the more agriculture is the chief 
employment of the local population, which is not the case in 
extensive forests tracts, where the men work nearly the whole 
year in the forest, and do not care for other work, whilst the 
women and children cultivate the small agricultural area. If 
there are plenty of transport animals in such a country, cart- 
ing is done chiefly during the open season, or whenever the 
roads are most passable (which in clay soils with unmetalled 
roads may be during frost) ; the timber may also be floated 
(luring the open season. In industrial countries, where factories 
abound, there is generally a scarcity of forest labour through- 
out the year, and especially iu summer. 

3. Mode of Felling. 

On silvicultural grounds, as regards those modes of felling 
which are not concerned with reproduction, such as clear- 
cutting, the season is only of slight importance ; it is more 
important when care for the woods is in question, as well as 
removal of some of the trees. 

Clear-cuttings may be effected at any season of the year, 
unless they are to be followed immediately by sowing or 
planting. 

Natural regeneration fellings, especially in broadleaved 
^^oods, must be effected when the fall and transport of tlie 
trees will do the least amount of harm to the shelter-wood and 
young growth, and that is iu winter, whenever the ground is 
covered with snow. 

Regeneration fellings among broadleaved trees, and especi- 
secondary fellings on steep slopes, are effected best over a 
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deep layer of snow, in order to protect the young growth from 
damage during the removal of the timber. During summer, 
when vegetation is in full activity and tender shoots are 
injured so easily, broadleaved forests should be left alone ; and 
the same rule should be applied also to coniferous woods with 
natural regeneration, unless the winter is loo severe for 
fellings ; but, even then, the period between the sprouting 
of the young shoots and their full development should be one 
of repose. 

Thinnings in young woods are done best whilst the trees 
are in full foliage, and the best season for them is autuinu. 
When, however, quickly grown, slender poles in a densely- 
grown wood are thinned late in the autumn, in exposed 
localities subject to breakage by snow or rime, they are 
very liable to be bent or broken ; whilst, if the tbiiining be 
executed in spring or summer, they have time to become 
stronger and often to escape the danger. Whenever injured 
trees, broken by the wind or snow, or killed by insects, have 
to be felled, this is usually done in summer for broadleaved 
woods ; but in coniferous woods the injured trees should be 
felled as soon after the damage as possible, unless some of the 
trees are used as trap4rees for beetles. 

For pruning the branches of broad leaved trees, provided the 
wounds are tarred, autumn and early winter are the best seasons, 
but in the case of resinous conifers, pruning may be done at 
any season, 

[Where tarring is not effected, February is the best iiiontli 
for pruning.— Tr.] 

For coppice, late winter is the best felling season, for if the 
wood is felled early in tlie winter, it happens frequently that 
the stools are killed by the severe cold. Whenever, for certain 
reasons, autumn or winter foliage are necessary, the stools 
should be cut as deeply as possible in the ground. Cutting 
coppice during the period of vegetation gives rise to weakly 
coppice-shoots. [Standards over coppice caimot be felled till 
the underwood is cut and removed, and as oak trees aiv 
usually barked, this felling cannot then be done till May 
when the bark peels easily. — Tr,] 

Wherever stumps are to be extracted, this is doue geuerall) 
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during summer, and cannot be done at all when the ground is 
frozen. 

4. Quality of Outtarn. 

As regards the influence of the season of felling on the 
quality of the outturn, the question has been discussed already 
(p. 102) : it has been decided that the season has hardly 
any influence, provided the wood be thoroughly dried, but that 
the qualities of timber are affected greatly by the subsequent 
treatment of the felled material ; when felled in winter, the 
material dries well in the subsequent spring and summer, 
winter -felling is therefore best, as there are usually six months 
before heavy rain. As a rule, broadleaved trees should be 
felled only in winter, and the same rule is desirable for 
coniferous wood, unless it can be removed from the felling-area 
and sawn up immediately after it has been felled ; winter-felling 
is also best in the case of old and imperfectly sound trees. 

Whenever climate is against winter-felling, the most valuable 
trees should bo felled late in the autumn ; this is the more 
essential, the greater delay there is likely to occur between the 
felling and the sawing up of the timber, or the removal of it 
to sheltered, airy timber-yards. 


5. Species of Tree. 

Conifers, and especially the spruce, are most liable to be 
worm-eaten; to protect them, the bark should, as soon as 
possible, be peeled from off the felled trees. Thorough barking 
IS possible only in summer, whilst in autumn or winter the bark 
can be only partially removed ; this, however, is quite sufficient 
to protect the wood from insects, and to allow of its thoroughly 
drying. If the trees are felled in autumn and partially peeled, 
the fact that the bark is left as a thin coating prevents the 
'vood from cracking. [With ash, felling in sap, causes dis- 
colouration and consequent loss in market value, and clean, 
^straight grained ash, be,, of the finest quality, is liable to 
6pUt in all directions. Beech and sycamore also must be felled 
111 nud- winter, as otherwise the wood splits and becomes dis- 
coloured, with dirty brown streaks. This is more important 
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with sycamore, as manufactured goods should appear iu 
natural and unblemished whiteness. Both beech and sycjV 
more are peiishable timbers and any vestige of live sup 
contributes to rapid decay. Elm, when felled in sap, produces 
living branches with foliage, and such wood is nearly unsale- 
able for naves. — Tr.] 

6. Special Application of the Material from Fellinff- Areas. 

Exceptions are made when the material from the fellings is 
required for special purposes. 

Thus, for bent- wood furniture, and for certain impregnation 
processes, and in the case of cloven wood, the trees should be 
felled in summer. If bark is to be used for tanning, the 
trees must be felled in the spring. Sometimes wood used fur 
wells and water-pipes is felled during spring. 

7. Modes of Transport 

As regards transport, it is found that wood felled in suminer 
is lighter to carry and floats better than winter- felled wood ; 
hence less firewood sinks, and the timber-rafts are less heavily 
laden, owing to the wood being dried much more thoroughly 
than when felled in winter, 

8. Demands (f Timhcy-Market. 

The j)ossil)ility of getting a good price for timber depends 
often on the time fixed for the timber-sales, and the latter 
on the time when the trees are felled. Where other consideni- 
tions are not predominant, the felling period should be so 
arranged that the material may come to market at the season 
when the best prices are offered. 

Thus, hop-poles and bean-sticks are felled best in the early 
winter, so that tliey may be sold before the spring. Timber 
merchants under contract to supply certain goods, sucli as rail- 
way-sleepers, etc., are bound to do so before a certain fixed date, 
and this circumstance will guide the forest-manager in fixing the 
time for bis fellings. 

Finally, it is easy to see that certain local circumstances, 
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such as accessibility of the ground, etc., may affect the felling 
period. Sometimes in alder- woods on swampy ground, the 
timber can be removed only when the ground is frozen. 
Where regular inundations occur during spring, it may be 
necessary to fell in summer. 

[In the lowlands of N. India, during the monsoon (July- 
Septeinber), all fellings are stopped ; the month of October is 
so malarious in some sub-Hiinalayan forests, that woodmen 
could frequent them at that period only at the risk of their 
lives. — Tr.] 

9. Sinnmari/, 

To summarise the above : it may he laid down that in localities 
with a mild climate, winter should be considered the normal 
season for felling ; in high mountain-regions with heavy snow- 
fall and extensive coniferous forests, fellings should be made 
in Slimmer, or better still in autumn. 

Winter-felling occurs from the end of October till the end of 
March ; it is the most natural period for the work, as the forest 
is at rest from vegetation, whilst the outturn is likely to be 
more durable and of l)etter quality than summer-felled wood. 
Fellings cannot, ho\Yever, be continued uninterruptedly during 
winter in the lowlands ; deep snow’ may prevent the men from 
felling the trees sufficiently low dowm, and hard frost may 
render it difficult to split the wood and may injure the coppice 
stools, whilst much lirewood is burned during the long, cold 
evenings by the wood-cutters. 

As regards the distribution of different fellings during the 
winter months, usually seeding and secondary fellings in broad- 
leaved woods are commenced immediately after the leaves 
have fallen: the felling-area should he cleared before the 
seeds germinate, or the buds of the young growth sprout ; in 
March this is often the case with beech. Wherever the logs 
ai’e to be slipped down steep inclines and the workmen are not 
particuhu'ly trustworthy as regards protection of undergrowth, 
hie fellings may be delayed till tliere has been a heavy fall of 
snow, or they should be effected in open weather, not during 
hosts. 

^lear-cuttings in coniferous forests are not undertaken until 
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all the more urgent natural regeneration-fellings have been 
made, or are nearly concluded. Then also, thinnings or prepara- 
tory fellings in old woods may be carried out. Thinnings in 
young woods and cleanings end the series, and often are made 
during the autumn. 

It is better to begin winter-fellings with the large trees 
and on felling-areas where these are numerous, then to 
proceed with the conversion of firewood. Supervision is thus 
facilitated, and the heavy pieces are soonest removed from 
the forest. 

In very large forest-ranges richly stocked with old wood the 
manager may be satisfied if the more important fellings are done 
during winter, and in summer all wood worked-out that is 
broken by snow or wind or dead from other causes. "Wherever 
summer-felling prevails, all the labour-force is engaged in 
transport during the winter. 

Summer-fellings begin, according to the locality, in April or 
May, as soon as snow and frost permit and the labour-force 
which has been occupied in transport during winter is 
available. Where the men are engaged during summer in 
charcoal -making or other employments, or where, with a view 
to the quality of the wood, it is desirable not to fell the trees 
in full sap (July — August), these fellings should be suspeiuleil 
till September, and continued so long as the weather is 
favourable. Then the work is arranged so that reproduction- 
fellings and fellings of valuable timber-trees are effected as 
early as possible and may be finished before the buds 
shoot. The underwood is then highly elastic and suffers least 
from abrasion, whilst the logs can be barked and preserve their 
esteemed white colour. 

Later-on, after the season of vegetation has commenced, Ihe- 
wood trees and other inferior sorts are felled, and the felling of 
whatever valuable trees were not felled before their sprouting 
will then be deferred till September. 

In high mountain-regions where felling, conversion and 
transport cannot be completed during one summer, it is usual 
during the first summer and autumn to fell the trees, hart 
the logs, prepare them for transport and remove tliein 
to the depots, ftfter snow has fallen. The firewood is t^en 
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prepared ia the second suramer, carried down on sledges to the 
depots during winter and floated away in the spring. It is 
rare that more than two years are allowed for clearing a felling- 
area ; in such cases the logs which have been lying so long in 
the forest rarely arrive at their destination in a perfectly sound 
condition, and they yield only inferior material. 

Whenever great damage has been done by storms or snow, 
the first measure is to clear the fallen wood from the roads 
and ridges ; after this has been done all trees which have fallen 
over young growth or poles are removed. When these cases 
have been attended to, woods where extensive breakage has 
occurred are cleared; then places where single trees have 
fallen or have been rendered insecure, all injured trees wdiich 
may serve as breeding-places for insects being felled. 

Section IV.— Methods of Felling. 

1. General Account. 

As a rule, work is begun in as many felling-areas as there 
are gangs of woodcutters available, and care is taken to sub- 
divide equally all immediately impending work in so far as the 
natural silvicultural sequence of the different modes of felling 
does not interfere with such a plan. This hitter consideration 
is specially important in secondary and selection fellings, and 
in thinnings of mixed woods, which require great care on the 
part of the woodcutters and the constant supervision of the 
forest staff. Not un frequently one gang may be distributed 
over several felling- areas, but when it is important to expedite 
the work owing to impending hard weather or heavy snow, 
several gangs may be employed in one felling-area. 

In order to divide the work fairly among the men, the felling- 
areas, which have been previously marked-out on the ground, 
may be divided into as many equal subdivisions as there are 
parties in a gang ; or in the case of secondary or selection 
fefiiiigSj.or extraction of large trees over underwood, a certain 
number of trees may be allotted to each party of woodcutters. 

Each subdivision of the work is numbered and termed a lot, 
^nd the parties draw numbers to decide in which lot they will 
^ork. In forming the lots groat care should be taken that the 

p 2 



212 


FELLING AND CONVERSION OF TIMBER. 


distance over which the material has to be moved is nearly 
the same in each case, so that all the parties may have about 
the same amount of work to do. The lots should neither 
be too small nor too narrow, or the men would be subject 
to constant interruption by those of an adjoining lot. On 
mountain slopes they are therefore placed side by side, run- 
ning downhill. In such places it is often advisable to leave lots 
between two parties unallotted on account of the danger of 
accidents from falling trees, etc., w’ork on these intermediate 
lots being undertaken subsequently. 

Some lots may be reserved to be given afterwards to the 
most industrious men, whom the manager wishes to keep 
employed in the forest constantly. It is advisable to allow tlic 
woodcutters themselves to distribute the lots amongst the 
parties, so as to avoid all charges of partiality against the forest 
manager. The allotment in dear-cuttings in high forest or 
coppice is by area, lots l)eing fixed by specially marking 
border and corner trees. Standards over coppice are marked 
with the forest-hammer or by rings of red or white paint, so 
must motlier-trees in natural regeneration areas. In France 
each reserved standard is numbered, the numbers being cut 
into the bark by a special Idazing implement. In thinnings 
each stem to be removed is marked by means of a Iree- 
scratcher, or timber- scribe, or a forest- liammer may be used 
in the older crops. 

As regards the actual felling, it is clear that silvicultural 
rules and those for giving the best outturn must be followed 
by the men, so that the felling may he conducted with a care 
for the trees and young plants wliidi are allowed to remain on 
the area, that the felled material is not wasted, and labour 
is economised as much as possible. 

Here will Ije considered the different methods of felling 
trees, their relative advantages and disadvantages, and the 
general rules to be observed in the conduct of fellings. 

2. TJte different Modea of Felling. 

The different modes of felling depend on the implements 
used: they may be further distinguished as;— utilisation of 
the stem, or of the roots and stump of a tree. 
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(a) TJtiliBation of the Stem. 


i. Fellimj with th% Axe, 

The stem to be felled should be cut with the felliiig-axe in 
two places on opposite sides of its base (B'ig, 14*2), as near 
the ground as possible. The \vedge- shaped notches thus cut 
ill the tree become larger and approach nearer the axis of the 
tree until the latter falls. Tliese notches should he kept as 
small as is consistent with the easy admission of the axe, and 
should have smooth sides. As a 
rule, the height of the opening 
measured on tlie bark of the tree 
should not exceed its depth. 

In order to throw the stem in any 
desired direction, the two notches 
should lie opposite to one another 
in that direction; the former one 
{a), (hig. 142) on the side where 
the tree is to fall, should penetrate 
beyond the axis of the tree as deeply 
and horizontally as possible. The 
other notch (/>) should be begun from 
four to six inches higher than (a), 
according to the thickness of the 
stem; it should be cut so that its 
point extends above that of (a), or would do so if produced hori- 
zontally. If the stem is symmetrical it should be pushed lightly 
iu the direction in which it is to fall. If its weight should 
preponderate slightly in that direction, that will naturally 
expedite the work ; if, however, the weight preponderates on 
the other side, or towards either direction at right angles to 
that of the intended fall, a billet of easily- split tiro wood may 
^ put in the notch (/->), and several wedges tlion driven into it 
Giiisversely, or between it and the edge of the notch, so as to 
Pi'ess the stem over to the side on which it should fall, 
fti the case of valuable timber-trees, it is often advisable to 
cu t lem below the surface of the ground so as to save a portion 
ie stump as timber. In that case the notches are cut down 



Fi^^ 142.— Fellin': with axo. 
'I'hc tree falls towanis u. 
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as deeply ’as possible, and often the earth is dug away all round 
the stump of the tree. It is then often insufficient in the case 
of large trees to cut only two notches, but cuts are also required 
at tlie other sides, though they should never be as deep as the 
principal notches in the direction of the fall, bmall trees 
may he felled by one man, trees from 10 to 12 inches in 
diameter by two men working together, very large trees by 
four men. 

ii. Fel\m(\ unth ihe Saw alone. 

In the case of small trees, the saw-cut is commenced on the 
side opposite to that of the proposed fall, and continued until 
the tree can be pii shed-over ; in the case of large trees, owing 
to frictioji the sawing cannot, without some help, be continuel 
beyond the axis of the tree; as soon as possible, therefore, 
two wedges are driven -in behind the saw, and as the sawing 
proceeds they aie driven further and further until tlje tree 
falls. 

iii. Fellinf/ hij means of Aie and Saw. 

The sawing (Fig. 1411) is commenced at the side(^») on whicdi 
the tree is to fall, and continued to about a \ or Ith of its 
diameter, and a notch in direction ^f) 
is made with the axe to meet this 
saw -cut. 

The saw is then taken to the 
opposite side of the tree, and as soon 
as the cut (c) is deep enough wedgr-s 
are inserted behind the saw, and from 
time to time driven further until tlm 
tree falls. 

iv. Felling with ihe IliUhool'. 

This is restricted to small poles, 
saplings and coppice-shoots, forming 
a dense growth in which there is no 
room to use the axe. baplings are 
felled with one blow of the bilUmoln 
but if a stem is too thick for this, it should be felled with two 
blows on opposite sides, without making a regular notch. 



Fi;?. Ha,— J'cllini' witli axu 
a h, wilJi saw r. 




thrown accurately in the desired direction, tlie most impor- 
silvicultural point in tlie felling; then, that it wastes as 
little wood as possible, and finally, that it involves the least 
possible amount of labour. 

Experience has shown that felling by means of saw and 

* PatcDt and technical bureau of Uichard Bajer, Ucrlin, 
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axe combined, mth the help of wedges, is the best of all 
methodsj for in no other way can the tree be thrown in any 
desired direction so accurately, or is it less liable to splinter 
in failing. 

Where the saw alone is used, several wedges may indeed be 
introduced, but the tree rests on one point of the circumference 
of the cut, and during the fall it frequently turns on its stump 
in a way w^hich cannot be prevented by the use of wedges. II, 
however, a small notch is cut on the side of the fall, and the 
saw-cut opposite to this is opeued-out by wedges, the stem 
when ready to fall rests, as shown in Fig. 143, not on a point, 
but on a straight line perpendicular to the direction of the full, 
and any turning of the stem on its stump is an extremely rare 
event. A very simple and safe method has been long in prac- 
tice in the Schwarzwald, as shown in Fig. 144 ; the pole ah, 
fitting into a notch in fclie stem at a, is lifted by two men l)y 
the horizontal lever mh, and is thus forced into the required 
direction. This is a simple form of Wohmann’s apparatus. 

The greatest waste of wood is involved when the axe alone 
is used for felling, and this not only because a considerable 
portion of tlie base of the tree is hewn into chips, which in 
mature trees may be 4 to 7 per cent., and in poles 2 to 
per cent., of the volume of the bole ; but also because the end 
of the log remains pointed, and it cannot be used in its full 
length. Where the saw alone is used, tliere is least waste 
(about I per cent,), but even where both sa^v and axe are 
used the waste is small (1 to 14 per cent.). Tliere are, how- 
ever, localities where working with the saw involves a greater 
loss than when the axe alone is used, and that is in steep 
rocky places where one is obliged to leave a high stump in 
order to work the saw at all. 

The loss of bark in conversion is 4 per cent, of the prepared 
bole, for the beech and other smooth- barked trees; 7 j[)er cent, 
for oaks and coarse-barked broadleaved species; 8 — 11 percent, 
for the Scotch pine, si>ruce, and silver-lir ; 15-18 per cent, fur 
the larch and black pine. 

As regards facility in working, this depends on the practice 
and sKill of the woodcutters. We should compare only the 
labour of men equally skilled with saw and axe, and in 
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such cases there is very little advantage in using the axe 
alone. 

Felling trees by means of axe and saw combined is, there- 
fore, under ordinary circumstances the best method ; it 
should be introduced everywhere, wherever custom still clings 
to the use of the axe only. It is impracticable only on steep 
rocky ground, and unsuitable in the case of very large valu- 
able timber trees which should he cut out by the roots, also 
in thinnings in densely grown poles, where there is no room 
for sawing- 

Tlie disadvantages of the use of the saw and accompanying 
wedges must not, however, be overlooked. This frequently 
increases heartshake, a circumstance wliicli deserves full con- 
sideration in the case of valuable timber trees : besides this 
defect, very tall thin steins, when half cut through, may split 
in two if the wedges are carelessly used ; such a split often 
proceeds high up the stem. This disadvantage in the use of 
the saw depends, however, less on the method than on the 
carelessness of the workmen. 

(b) Utilisation of Roots and Stumps, 

This can be effected either liy extracting tlie stumps of 
trees, or uprooting the trees. 

i. licmoval of Stumps. 

JStiimps are utilised by means of grulibing-axes, .saws, 
^Yedges, crowbars, etc., or with the help of machines. The 
principal part of the work is that of grubbing-out the stump ; 
this takes 70 to 90 per cent, of the labour involved in the 
whole operation. The work is commenced by digging all 
round the stump, and exposing all the side- roots as far as they 
worth extracting. All these roots are then severed close 
to the stump and removed, the longer ones being severed at 
the thinner end as well. The workmen then continue to dig 
round the side roots, or the taproot, until their upper 
piU'ts are exposed and can be severed, or extracted with the 
stump. Another way, after the roots have been exposed by 
^^bging, la to split the stump into pieces, and extract these 



218 


FELLING AND CONVERSION OF TIMBER, 


separately ; for this purpose iron crowbars are used, or the 
stump may be blown up with gunpowder, as will be described 
further on. 

It is evident that uprooting stumps is a most laborious 
process and attempts have naturally been made to lighten the 
work by using machines. These are all characterised by the 
attempt to tear the stump from the strong descending roots 
after the eaiTh has been dug away, as previously explained. It 
is only in cases of small stumps and superficial rooting tluit 
digging can be dispensed with. Also where machines are used, 
they either tear the whole stump from the roots, or remove it 
piecemeal. 

Wherever machines such as the forest-devil are used t'ui' 



Fig. 1 - Kemoval of stumps by the 
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Uprooting stumps, all the side-roots should be cut off close 

to the stump, except one 
large side-root whicli is 
left longer than the 
others, and serves as a 
lever for tlie attachment 
of the implement, as 
shown in Fig. 145. 

Preference should 
always be given to the 
simplest of the implements wdiich have been already descril)cd ; 
although they only partially replace manual labour, .yet 
they afford a simple application of considerabl(; powi-r. 
Experience lias shown that the forest-devil is the best of 
the heavier implements. The Uawkeye machine is inorc 
powerful, and \vould be used in preference were its cost not 

BO high. 

Objection has been made to the use of the forest-devil, tliat 
it requires too many hands to work it, that it is difficult to fix 
the rope, and tluit the long lever requires much space to work 
in. These difficulties arc not, liowever, st) great as they wmild 
appear to be, if a chain is used instead of a rope and tl»c roots 
are thoroughly exposed before working with the macliino 
attempted. Once this has been done, only three or four 
are required to extract the stump ; in Silesia the forest-devil 
has been found to save 311 per cent, of manual labour. 
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ii, Uproothiff Trees. 

When trees are uprooted (Fig. 140) much of the stump is 
obtained with the stem, in the same operation. The roots 
are exposed by digging, and then the stem is thrown in 
various ways, but in all of them a thorough exposure of the 
roots is essential. If all the horizontal roots are severed, 
the stem is attached to the ground by the taproot hr main 
roots only. If, as with spruce on shallow soil, there are only 
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liori/.ontHi roots, merely severing tlicse suflices to fell the 
h'oo ; but wherever there are strong deep roots which it would 
be a most laborious operation to sever, tlie work is effected as 
follows A rope is fixed, as high up as possible, on one of the 
iii'ihi lu’anclies of the tree, and on that side of it towards 
''bic'ii tlie tree is intended to hill ; a number (d nuMi then tug 
this rope, iiiul hy alternately pulling and yielding, tliey 
iii'jte UiG Ktein oscillate backwards and forwards. One man 
eft at the base of the true to cut through any roots which 
Btill resist, and to place poles under the base of the tree 
It rocks, and prevent its return to the vertical position, lii 
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this way, without any great amount of trouble, the tree can 
be made to fall, tearing out at the same time all the stronger 
roots. 

The forest-devil, Woimiann’s thrust-pole and the common 
screw-jack, may be used also to overturn trees by the roots. 
The mode of using these machines has been explained already, 
but ill the case of the forest-devil, a stem or stump stronger 
than the tree which is to be overturned must be at hand to be 
fastened to the implement. 

All roots on the side where the tree is to fall must be cut 
close to the stem in order to lighten the work, and it is a good 
plan to place a round piece of wood under the falling stem, so 
tluit by its own fall the latter may the more readily tear its 
roots from the ground. [Coniferous trees 40—00 years aid 
can readily be uprooted by the Lobo up-rooter (p. 204).— Tr.] 

iii. Advantages and Disadvantages of Uprooting, 

The advantage of utilising the stumps consists chiefly in the 
reduced waste of wood this involves ; for, on the average, one- 
fifth of the stem and branch- wood is contained in the stump. 
Stump- wood affords very good fuel, especially where a pro- 
tracted steady heat is required ; the demand for firewood k, 
however, frequently so small that stump-wood has lost iiiudi 
of its importance iii this respect. In liighly populous distriels, 
it may be the object of a forest servitude, or roots may !)g 
extracted for cultivaLion of the ground. In other cases, sUiiiip- 
wood is used for the horns of sledges, as knee-timber for sliip^ 
and boats, for ploughs, etc. Extracting stumps is also useful, 
as by afterwards levelling the holes, the ground become? 
thoroughly cultivated and suitable for sowing; for not only 
is germination facilitated, but in dry soils the young seedling- 
plants thrive best on the deeply worked Boil of these holeii, 
provided care is taken to protect them from woods, 
standards over coppice in France are always uprooted, us tho 
wood is thus less lialde to crack and a valuable piece at tb^ 
base of the log is saved.— Tr.] Stumps arc frequently breed- 
ing places for destructive insects, especially of the Tiae' 
weevil; they also shelter mice, so that their removal is 
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beneficial. That most destructive fungus, Ar miliaria melka^ 
also spreads from stumps into new plantations. 

There are, however, certain disadvantages involved in the 
removal of stumps ; in the first place, decayed stumps 
increase the humus and mineral matter in the soil. This may 
not he of importance where the humus is carefully preserved by 
maintaining the leaf-canopy and preventing all removal of 
litter, especially on damp soils. Where, however, these condi- 
tions do not hold good, as for instance on poor sandy soil 
where the litter is removed, if the stumps are also extracted 
and the soil deprived of its last resource in organic 
matter, it may thus be rendered absolutely unproductive. 
Secondly, on steep slopes, wherever it is essential to hold the 
soil together as much as possible, in order to prevent denuda- 
tion, extraction of stumps should be prevented. 

Extraction of stumps is, therefore, permissible wherever it 
can be done remuneratively, provided that no serious damage 
is done to the standing- crop, as for instance by extracting 
stumps of large reserved trees among poles or saplings, or of 
mother-trees among thoroughly stocked natural regeneration. 
It is advantageous : — wherever there are blanks and gaps in 
natural regeneration, even in coppices, provided the loosening 
of the soil which accompanies the extraction of the stumps 
causes no local damage by hoods, or on steep slopes by land- 
slips or avalanches ; wherever there is no fear of exhausting 
the productivengBs of the soil, and wherever it is wished to 
prevent damage by delinquents extracting the stumps, or by 
insects, fungi or mice. 

The question now arises whether it is better to extract the 
stumps or to fell the trees by their roots. There has been much 
discussion regarding this, but there can be no doubt that up- 
rooting trees is preferable. By this iiietliod, much wood which 
Would otherwise be wasted, or become merely firewood, is kept 
on the stem, and the roots are extracted not only more easily, 
also more thoroughly. Stems uprooted also fall more 
|i{^htly on the ground than felled trees ; so that there is less 
leakage and damage done to young growth, and the roots 
atfcaelied to the stem are converted more easily into smaller 
Material than in the case of a stump. 
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As regards the gain in timber, it is evident that a consideral)le 
and often liighly valuable addition is thus made to the largost 
log in the tree. This may amount to 8 to 10 per cent, of the 
timber in the stem. Ail windfalls are in this condition, imd 
generally fetch good prices. 

Also it can be shown easily that uprooting trees is a less 
laborious w^ay of utilising root- wood than the method of ex- 
tracting the stumps ; for it is clear tliat in both methods the 
earth must be dug away from the roots, whilst the only 
advantage of the machines is to save a certain percentage of the 
manual labour, W'hich must l)e employed in extracting the 
stump. AVlien, therefore, nature offers a lever in the lull 
stem of the tree firmly fixed to the stump to be extracted, its 
effect can be replaced by no combination of machines, so that 
it is mere folly to expect better results from the laUor. 
The stem itself tears from the ground a number of small 
roots which could have been dug up only at a cost quite dis- 
proportionate to their value. It is also alxvays easier to 
separate the stump from the stem, after the tree has heeii 
felled, than xvhile it is standing. According to experiiii(Jit!i 
carried out by lb Hess, tliere is a gain in time and labour of 
20 per cent, in uprooting trees instead of felling tbeui and 
then extracting their stumps. 

The advantages thus described of uprooting the trees are 
sufficient to counterbalance entirely tlie alleged disadvantages 
of the method. It is stated, for instance, tiii# the tree eaiuiot 
thus 1)6 thrown with certainty in any desired direction, lait 
by using a tlinist-polo, or a rope, and .severing carefully any 
resisting roots xvhile the tree is falling, it can he throwji ({inte 
accurately. Another objection is made, that frequently the 
falling stem tears-up a large mass of earth with the roots, a 
statement often made erroneously and in any case not 
sufficiently objectionable for the uprooting of trecss to he 
abandoned. A larger hole is often made by gruld)ing*mil the 
stump than by uprooting the tree. It is alleged also that 
uprooting trees seriously delays the felling operations. Ihe 
sub-aerial part of a tree is clearly utilised more quickly by the 
use of axe and saw than by uprooting the tree, l)ut if the suh- 
terraneaii part is required as well, there can be no advantage 
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in setting to work on the felling-area a year after the trees 
have been felled in order to extract the stumps. 

Whilst, however, in general it is preferable to uproot the 
trees, cases occur where grubbing-out tlie stumps lis necessary 
or permissible; as for instance where felling is urgent but 
the ground is frozen, and in forest clearances, when there is 
no urgency for extracting the stumps. It is always pre-supposed 
that extracting stumps is done by the aid of implements, for 
when this is done by mere manual labour, it is the most 
tiresome and dilatory mode of utilising the roots of trees. 

[Wherever a clearance is to be effected for a forest-road, or 
ride, or for the site of a nursery or forest-house, etc., it is 
always better once for all to uproot the trees standing on the 
area. This is especially the case in India where buried stumps 
are attacked by termites and a dangerous place to traffic 
results. — Tr.] 


3. Felliug links. 

Partly as regards care for the forest growth, partly to 
increase the quantity and value of the yield, and partly to 
economise labour, the following rules should be observed by 
woodcutters, 

i. The woodcutter must always endeavour to throw every 
stem, so that by its fall it will do the least amount of 
damage to the forest growth and felled timber around 
it. 

The attention of the woodcutter in this respect is parti- 
cularly necessary in the case of the final stage in shelter- woods, 
selection-fellings and in all reproduction-areas, and wherever 
le.rge trees standing over poles or saplings are to be felled. 

In order as fully as possible to carry-out the rule, the direc- 
tions of the forest officials should be followed closely, so that 
the young growth may he injured as little as possible. To 
secure this object, it may be necessary to lop all the branches 
bom large trees before felling them. 

The skill and attention of the woodcutters are nowhere put 
^ a test, as in the removal of large trees from over poles 
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and saplings in the natural regeneration-fellings under the 
group system. The more susceptible to damage the young 
crop, the most careful should the woodcutter be, and the morii 
important it is to effect such fellings 
gradually, that is to distribute thou 
over several years, and to choose a 
season for the felling when the young 
growth is least brittle and least liable 
to damage hy the unavoidable acci- 
dents contingent to fellings: in any 
case such fellings iniist never he 
undertaken during frost. 

Secondary fellings over young seed- 
lings are also highly dangerous to the 
young growth, and should he eft'ected 
only when sufficient snow is on the 
ground to protect the plants. 

The lopping of branches from 
standing trees may secure several 
objects. It sometimes assists the fall 
^ . of a tree in a certain direction to loii 

U/.— Removing top of . ^ 

tree. (T. H. Moiiteath.) branches from the 0])posite side 

of the tree, but the chief reason for 
lopping the branches is that tlie tree in its fail may do as 
little injury as possible to the young growth. 

^Vhether this loj^ping is necessary or not depends on several 
circumstances. In tlie first place, 
it must be remembered that it is 
not the stem, hut the crown of 
the tree which may do serious 
injury to the young plants. If, 
therefore, it can be arrange<l to 
throw a tree with its crown on a 
blank unstocked with young growth, 
there is no need for lopping ifs 
branches. In such cases several 
trees may be thrown with their crowns on the same Idaiit. 

Lopping the branches of a tree is dangerous, and lueu 
capable of doing it are not always available, so that tlio foreBtei' 
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will if possible avoid the practice. In certain regions, as in 
France, the Black Forest and many Alpine forests, ex- 
perienced climbers who mount the trees with climbing-irons 
(Fig. 148), may be found ready to do the work, on account of 
the high rate of remuneration. Wherever a coniferous tree 
standing over a group of young conifers is to be felled, first 
its stem should be cleared completely of branches, and the 
narrow alley it makes in the young wood will soon become 
closed. This is especially desirable in coniferous forests, for 
injured advance -growth is very liable to insect attacks. 

Lopping the heavy boughs of broadleaved trees standing 
in the midst of young growth may injure the latter, whilst 
the entire crown might fall beyond it, and in any case not 
injure the plants so much as do the separate boughs. 

[The branches and top of very tall oaks and beeches are, 
however, lopped in France, in order to prevent their long 
valuable stems, which are much lighter without their lofty 
crowns (Fig. 147), from cracking in their fall, — Tr.] 

Valuable little stems in ])ole' woods may often he bent back, 
or tied back by withes to allow for the passage of the falling 
stem. It is, however, an error to be too anxious to prevent 
fkinage to young growth in a felling, for ever}' day experience 
shows that what appears to be serious devastation is no 
longer noticeable after a few years. Even where a valuable 
standard tree standing over large poles has become mature, 
uo hesitation should be shown in felling it. 

li. EaeU stem should be thrown in such a direction that it 
does itself the least amount of harm. 

As regards the direction for felling on slopes, the danger of 
breakage is much lessened by throwing the tree uphill, as then 
its summit describes the smallest arc and attains the least 
Velocity on reaching the ground. Therefore, in felling valuable 
tail limber trees, it ia better to fell uphill. On very steep 
slopes it may be advantageous in the case of firewood trees to 
throw them with the crown downhill, so as to prevent the tree 
from sliding any further. 

[hi the Himal&yas, however, the plan of felling uphill was 

^ 'andoned in steep places owing to the danger this caused to 

p.u. 
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the woodcutters, the base of the tree often shooting out back- 
wards or sideways from the stump. This danger may be 
avoided by felling sideways, on to a contour line, if the meii 
stand above the tree at the moment of its fall. — Tr.] 

In order to prevent the stem from breaking, the configura- 
tion of the ground on which it will fall should be inspected 
carefully, as felling across gullies, on to rocks or other stems 
may break the tree. In the case of valuable timber, where 
there is an object in securing as long and straight pieces as 
possible, or >Yhere valuable curved wood is being felled, great 
care must be taken not to throw the tree on to stones or frozen 
ground; therefore felling valuable trees should be stopped 
during a hard frost. 

In such cases a soft bed of branches or faggots may be 
placed under the trees, on to which they should be felled ; or 
they may be felled against a neiglibouring standing tree, pro- 
vided that it is also to be felled. A tree may be felled, so 
as to fall slowly, by forcing it over by mnans of wedges before 
it is completely severed from the stump. AVhere a tree is 
not too tall, it may preserve the lower part of the stem from 
breakage to fell the tree without previously lopping any of 
its branches. 

iii. In felling timber- trees, attention should be paid to easy 
removal of the logs. 

Trees should not, therefore, he felled across or into ravines, 
but, provided rules i. and ii. are observed, into such a position 
that their removal may be effected easily. 

Long stems are most easily removed downhill, when tbey 
lie along the .slope of the hill with their thicker ends downwards, 
and this position is secured by throwing them uphill. 

iv. During a strong gale, felling operations must be 
suspended. 

This should be attended to, at any rate, wherever the direc- 
tion in which the trees will fall is of importance, for then tbc 
woodcutters are no longer able to guide the trees. 

The wind is the woodcutter’s worst enemy, and it is usual!} 
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during a gale, which prevents the men from hearing what is 
going on around them, that most felling accidents happen. In 
felling a tree, the woodcutter is safest near the stump and at 
right angles to the direction in which the tree will fall ; the 
most dangerous place in felling uphill is behind the stump, as 
already explained, especially in the case of crooked trees. 

y. Great care must be taken that no trees intended to form 
a shelter-wood, or to be left standing for any reason, 
are injured by the fall of the trees marked for felling. 

If such an accident should happen, a few marked trees should 
be left unfelled from which the forest-manager may choose 
substitutes for those injured. This should be done also in case 
windfall or theft has removed any of the selected shelter-trees. 
Poles or saplings bent by the felling should, if possible, be set 
straight, or if too much injured for that, should be cut-back 
level with the ground, with a sharp instrument. 

When a tree falls 'out of the proper direction, it frequently 
happens that it rests or remains hanging on another tree. 
Such a tree usually may be brought to the ground by cutting 
it away from its stump, to which it is often still attached 
in such cases; or one or two short logs may be cut away 
from its base; or use may be made of the screw-jack to 
release it. If, however, no other means of releasing it are 
available, a man must climb the trees on wdiich it is resting 
and lop off the branches which impede its fall. 

[In tropical countries, where large liaiies abound in forests, 
these should he severed near the ground, two years before 
felling, BO that the stems of the lianes which frequently 
enlace several trees may become rotten before the felling takes 
place ; otherwise a whole group of trees may have to be felled 
at once, if it is desired to fell any of them — Tr.] 

VI. Trees exceeding 6 inches in diameter, chest-high, should 
be felled always with the saw and axe ; smaller trees 
and very large trees may be felled with the axe alone. 

In all cases the cut should be as near the soil as possible, 
and, as a rule, the height of the stump should not exceed the 

Q 2 
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third of its diameter, or say one foot for large trees and six 
inches for small ones. Exceptions, however, occur to this 
rule : thus in the Harz, stumps three feet high are left, as they 
make the best charcoal for blast-furnaces ; in other places 
forest-rights compel the managers to leave high stumps. 
[Mahogany and other tropical trees which have large but- 
tresses rising from the roots are felled by erecting platforms 
above these buttresses.— Tr.] Wherever the trees are uprooted, 
care must be taken that this is done thoroughly, so as to save 
all rootwood over IJ inches in diameter, and the holes made 
in the ground must be filled again carefully. 

vii. Wherever coppicing is effected, only the axe or billhook 
and not the saw should be used, in order that smooth 
surfaces not liable to decay may be left to the stools. 

The cut surface should be quite smooth, and the stools must 
not be split, nor the bark torn from them ; poles and saplings 
therefore must not he bent over by the woodcutters whilst they 
are being cut, and every woodcutter must use sharp tools. 

In the ease of all trees which reproduce by suckers (elm, 
white alder, lime, aspen, common maple, hazel and most 
willows) and of those which shoot out from collum-buds, pro- 
vided the stools are not very old, the cut should be as deep 
into the ground as possible. In this way the shoots will come 
out close to, or even below the surface of the ground, and will 
produce new roots for themselves, and thus ne^Y stools will be 
formed. The beech, on the contrary, shoots high up on the 
stool; for beech, therefore, for alders in ground liable to 
inundations, and for birch on poor soil, each successive felling 
must be made slightly higher than the previous one. 

The yield of a coppice is maintained only by preserving the 
strong old stools ; young seedling plants do not compensate for 
the death of these. Old stools may be kept productive for long 
periods, if they are cut somewhat higher at each felling. If 
stools get covered with moss and knobbed, they may be left 
up to six inches high in the case of beech and other species 
which do not produce suckers. Oaks and hornbeam, as a rule, 
are least sensitive to bad coppicing. In the case of pollards, 
the cut is raised slightly at each felling. 
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viii. Woodcuttera, as a rule, should not fell more trees than 

they can convert and remove in the next three or 
four days. 

This tends to facilitate order and supervision, and also to 
economise labour, for otherwise not only would they have 
insufficient space in which to work, but also encroach on the 
space of neighbouring parties, whilst the removal of the wood 
would be delayed till all the felling was over. Only in the case 
of thinnings or clearances should all the trees first be felled 
and then converted into marketable sizes. [Also in selection- 
fellings and where the trees to be felled are far apart, as in 
Deodar forest in India, when all the trees may be felled and 
afterwards converted, — Tr.] 

ix. Whenever there is fear of damage by insects cr fire, the 

woodcutter is bound to clear away all wastage of broken 
branches and twigs from the felling-area. 

Wherever the brushwood cannot be otherwise utilised, as 
ill remote mountain -forests, it should be collected in heaps, 
leaving room between these for the removal of the timber. 
After the felling is over, the brushwood is often spread over 
the area to protect the young growth from frost, heat, and 
cattle, or it is burned. 

X. Wherever breakage has occurred, owing to wind or snow, 
the work of felling should commence on the side of the 
prevailing wind and proceed in its direction. 

Clearing extensive areas covered by windfalls is often a most 
ilangerous occupation for the woodcutter. Trees crossing one 
another and wedged together can be separated only with the 
greatest difficulty, whilst when a stem has been cut from its 
roots and the attached ball of earth, the latter may suddenly 
turn over, and accidents can be avoided only by great care and 
attention on the part of the woodcutter. 

Section V,-— Rough Conversion of Wood. 

% rough conversion of wood is meant the woodcutter’s 
of dividing felled trees into pieces of dimensions suitable 
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for transport. Any further preparation of the wood into 
marketable pieces is usually the work of the timber-merchant, 
or middle-man. 

No part of the work on the felling-area is more important 
than rough conversion, or requires greater supervision and 
care on the part of the forest-manager, for it has a very great 
influence on the forest revenue. In order that a forest may 
be managed so as to satisfy the demands of its owner, as well 
as of the neighbouring population, it is necessary in forestry, 
as in all other branches of industry, that every endeavour 
should be made to utilise the raw material completely and in 
all possible ways, and thus meet the actual requirements of 
the public. The trees therefore must he converted into timber 
from an entirely mercantile point of view. 

As a last resort, all timber can be used as firewood ; when- 
ever then it is fit for fuel only, tbe business of conversion is 
reduced to the simple operation of preparing the usual sorts 
of firewood. 

Since, however, in most districts the value of firewood has 
of late years been greatly reduced, and a revenue can be 
obtained from many forests only by sale of the timber which 
they produce, the most important point here is the conversion 
of the latter. The chief rule is, therefore, to produce as much 
timber of good quality as possible, and in order to attain this 
object thoroughly, a forester must have a certain knowledge of 
the requirements of the different industries where wood is used. 

The r tern burg rules for the conversion of wood are excel- 
lent. (i.) The outturn of timber as compared with firewood 
should be as large as possible, (ii.) All the material from a 
felling sliould be converted so as to produce the highest possible 
pecuniary return, (iii.) All logs should he as long as possible, 
(iv.) Sound timber should he separated from all that is 
of doubtful quality, (v.) Defects should not he concealed, 
(vi.) The converted wood should have a good external shape. 

The subject will he dealt with as follows: — first, the cir- 
cumstances which decide on the mode of conversion to be 
applied ; then the usual assortments of timber and firewood 
and the work of conversion by the woodcutter ; and, finally) 
the general principles of rough conversion. 
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1. Mock of Conversion to he Applied, 

The mode of conversion suitable to any particular felling- 
ai-ea depends on the adaptability of the wood and the demand 
for it. 

(a) The Adaptability of the Wood. 

This varies with the species, form, dimensions and quality 
of the wood. 

i. Spedes of Wood. 

The uses of the different kinds of wood will be discussed in 
Chapter VI. ; it will be shown that conifers are used chiefly 
as timber and that, of broadleaved species, it is the light- 
demanding trees, and, above all, the oak, which yield the 
most valuable timber. 

The following remarks refer to the usual forms of woods 
met with. Pure beech high forest is frequently a fuel forest, 
and only a small portion of the yield is then treated as timber. 
Sometimes, owing to a favourable market, as, for instance, in 
the chair-making districts of Buckinghamshire and Oxford- 
shire, or in Belgium, this is not the case ; but frequently the 
timber yield of a pure beech wood is not more than 10 to 20 
per cent, of its total yield. 

Wherever aspen, birch, willows, limes, etc., are mixed with 
beecdi, there is a rise in the timber yield, but ftiis can be con- 
fiidenible only when oak, ash, sycamore, or elms are mixed with 
the beech. Such mixtures are the most valuable forms of 
broadleaved high forests, as in them the light-demanders 
thrive best and attain their best shape. Tlie timber yield 
of such forests may be 20 to 30 per cent, of their total yield, 
and even more. A mixture of conifers in beech forest is 
very valuable, as the former then attain their best dimensions 
and quality. 

In the Rottenbuch forest range, which is the range richest 
fine oak trees of the whole Spessart, the yield of oak- 
timber between 1860 and 1880 was 26 per cent, of the total 
yield. 

I'he yield of oak-timber does not depend so much on the 
<luanlity of oak-trees in a mixed wood as on their age and 
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soundness, and throughout the renowned oak- forests of the 
Spessart usually only 40 per cent., or at most 50 per cent., of 
the felled oak-trees can be used as timber, the remainder 
usually yielding only inferior firewood. [In the French State 
forests of Berce and Belleme the percentage of oak to beech 
and hornbeam is 50 and the yield in oak timber at least as 
high as in the Spessart, — Tr.] 

Pure alder- woods yield chiefly timber, but are, unfortunately, 
decreasing in area, though greatly esteemed for the manufac- 
ture of cigar-boxes. [In Britain they yield gunpowder char- 
coal and clog-wood. — Tr.] 

It is rare to obtain more timber than firewood from broad- 
leaved forests ; the contrary prevails in coniferous woods, and 
wherever conifers are grown, mixed with broadleaved trees, 
they form splendid trees, and the yield of such forests in 
valuable timber is very high. Woods of spruce, silver-lir, 
and Scots pine [also larch in Britain. — Tr.] or mixed forms 
of these with beech as a subsidiary species are the chief kinds 
of coniferous forests in Europe. In the case of spruce and 
silver-fir woods, the timber yield may, under favourable 
circumstances, go up to 75 to 80 per cent., and exceptionally 
be even higher ; in forests of common pine, up to 55 to 70 per 
cent., whilst in the north of Europe their yield in timber may 
equal that of spruce and silver-fir. 

Coppice-wittfstandards, on good soil and well stocked, yields 
fine timber; it is the only system capable of yielding the 
hardest and most durable wood of oak and ash. 

Coppice yields chiefly firewood, and also small wood required 
in agriculture, such as bop-poles, vine-props, hurdle-wood, 
laundry-props, orchard and garden tree-props, crate- wood, 
bean and pea-sticks, fascines and osiers. Also much pit- 
wood for mines. 


ii. Shape of Trees. 

As a rule, large dimensions in length and diameter, and 
straight and cylindrical stems, are required for the best 
timber. A large diameter is generally more important than 
great length, and it is trees of large diameter which are most 
saleable at present. As this implies long rotations, tlie yield 
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in timber in even-aged woods increases naturally with their 
rotation, up to a certain point. 

In uneven-aged woods, where there is a stage of inferior trees 
below the more valuable ones, the latter may attain their 
largest dimensions in diameter, and cylindrical shape. 
Although, as stated, the yield of timber from a wood increases 
with its age, it must not be supposed that the poles which are 
the produce of thinnings are not utilisable as timber (for 
paper-pulp, pit-props, etc.). As a rule, the best timber should 
be as straight as possible : the demand for crooked and curved 
timber required for ships, boats, wheelwrights, saddlers, etc., 
is produced only by standards over coppice or by hedge-row 
trees ; but since timber is bent artificially, the demand for 
naturally curved trees has been reduced. 

iii. Qmlif// of fhc Wood. 

The first enquiry should be to ascertain whether or not the 
wood is perfectly sound, absolute soundness being the first 
condition of the admissibility of wood as timber ; this should 
be investigated most carefully in the case of trees from old 
woods, whetljer broadleaved or coniferous, which are destined 
for long water- transport and may not be carefully treated in 
tlie timber depots. The grain of the timber should be con- 
sidered next, whether it be coarse or fine-grained, knotty or 
free from knots. The mode of disposal bf timber from 
pines, larch and oak, is affected by the (juaiitity of heartwood 
the trees contain, also by the fact that its fibre is straight or 
twisted, splits easily or with difficulty, its stem more or less 
cracked, containing cup-shakes, etc. These defects have been 
described in Chapter I. 

From what will be said in Chapter YI, it will be evident 
that the quality of a timber should govern its future mode of 
ntilisation. 

Local defects in a stem may render only a part of it use- 
less for timber, and this is especially the case with oakwood 
Slid other valuable goods. In converting such wood, there- 
great care must be taken to utilise fully ail the good 

pieces. 

File present market-prices for sound, straight-fibred wood 
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are at least 30 per cent, higher than for wood of ordinary 
quality, with which the market is glutted. For certain 
industries the structure of the annual zones of wood and its 
grain are of the highest importance, as in wood for musical 
instruments and mast-wood, also in the grain of fancy woods 
for furniture. The degree of fissibility is also highly im- 
portant, especially in extensive coniferous forests, where a 
very large amount of the annual yield of wood is split into 
various wares ; also in the case of oakwood, suitable for staves. 
In some forests, as in Bavaria, the trees are examined as to 
their fissibility before being felled, by trimming off a patch of 
their sapwood. Not every kind of heart-shake will render 
a tree unsuitable for timber, and even a heart-shaken tree 
may be sawn into planks provided the shake is in a line right 
through the core of the tree; heart-shakes also are often 
confined to the base of the tree, and may be disposed of 
by sawing one or two short logs from it. 

Cup-shake and twisted fibre may however render a tree 
unfit for timber. 


(b) Demands of the Market, 

The mode of conversion to be undertaken depends also 
on the demands of the market. For wherever there is no 
demand for any sort of converted timber, nor for any timber 
at all, it is evident that firewood only will be prepared. The 
demand is measured by the price, and wherever any assort- 
ment of timber fetches a higher price than firewood, conversion 
into timber should result. The rule should therefore be to 
produce as much good timber as can be utilised profitably, 
without including the smaller sized material resulting from 
thinnings with which the market is soon glutted. The 
demands however for timber now-a-days are subject to great 
variations, and there is a considerable demand for poles for 
paper-making and pit-timber. 

Wherever there are forest- rights to firewood, the outturn in 
timber is limited by their demands, and frequently, if such 
rights cannot be compensated in money, wood of the best 
quality has to be sacrificed to meet these demands. 

On the average in the different German countries, the 
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production of timber is really large only in Saxony, and was 
as follows in 1899 


i 

j 

Country. | 

Perceiilflge of whole 
yield. 

Timber, Firewood. 

! 

Ali^ace-Ijorraine j 

42 

58 

Baden... * 

49 

51 

Bavaria 

51 

49 

Wiirtlernber^' ... ... ! 

5(} 

44 

Prussia 

.56 

44 

Saxony 

79 

24 


All these figures are not prepared on the same l)asis, 
as in Saxony 60 per cent, of the wood is used for paper - 
pulp and mine-props, while the comparative richness or 
poverty of a country in coal affects greatly the demand for 
firewood. In the Bavarian Alps nearly all top-and-lop is 
left in the forests, so that the percentage of wood brought 
out is 90 per cent, in timber. Such figures therefore are 
of relative value only. 

2. Timhcr-Assortmciits. 

It is evident that generally the woodcutter cannot undertake 
to prepare timber for the market in the ultimate form it 
assumes when taken over hy the different industries. This 
would re(|uire much too extensive a knowledge of the latter* 
As a rule, therefore, it suffices to divide the trees into trans- 
portable pieces which hy their dimensions and qualities are 
suitable as the raw material of an industry, or of a whole group 
of industries. The further detailed conversion may be left to 
the special industries, or to the wood -merchant. In small 
private forests, however, matters may go further in this 
respect, 

[The best example in Europe of detailed conversion as well 
as of labour-saving means of transport may be seen in the 
Sihhvald, belonging to the tarn of Zurich, where the wood 
is converted on the spot into all kinds of commodities, down 
to wood-wool for packing. — Ti\] 

Eie various pieces into whicli a tree may be converted by 
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the woodcutter are termed rough assortments of timber, and 
are distinguished as follows : — 


Timber, 

Firewood. 

Logs 

Butts 

Poles ; 

Stacked timber 

/ Material (beaiisticksr, etc.) fiom the 

, crowns of trees, from young thinnings 

UrushM-ood 

{ got-wood. 

Split billets. 

Hound billets. 

Root and stump billets. 
Faggot-wood. 


(a) Timber. 

Timber is usually in logs or poles, sawn or cloven pieces. 
It is also popularly distinguished according to its destination 
for building purposes, implements, manufactures or agriculture. 

Building- Timber is used in superstructures, bridges, embank- 
ments, mines, roads, railways, or in ship and boat- building. 

Timber for Implements is used for water-mills, windmills, 
stamping-mills, oil-mills, etc.; also in many countries for cart- 
wrights’ work, etc. 

Manufacturers’ Timber is used in all ordinary wood- working 
industries, such as cabinet-making, carriage- or cart-building, 
turnery, wood-carving, coopers’ work, etc. 

Agricultural Timber is used for gates and fences, hop-poles, 
hurdles, stakes, pea and bean sticks, etc. {vide Chapter VI.). 

From a careful consideration of the distinction between the 
different kinds of timber available, a forest-manager will 
readily perceive how his trees should be converted in order to 
meet these various requirements. 

Wood from stems is usually classed as logs or butts. The 
distinction between stems and poles and between logs and 
butts varies in different forests, but the following classes 
usually occur in the timber-trade. 

i. 

Logs are the boles of full-grown trees, or the greater part of 
them, after they have been topped and freed from i)raiiche8. 
Logs should measure at least 23 feet (7 meters) in length; 
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their mid-diameter should be at least 6 inches (15 centimeters) 
^vithout bark, including the bark, 7 inches (18 centimeters). 

In most cases the longer and straighter the logs and the 
greater their diameter at the smaller end, the greater is their 
value. Logs are used chiefly in the different building-indus- 
trieSj but also to a small extent for implements, sails of 
windmills, stamping-hammers, etc, ; as cloven- wood, for 
which only straight- fibred timber is admissible, they are 
rarely required in full length ; as sawn material they are 
used chiefly in building ships, barges and boats, also for 
bridges and in mines. 

ii. Buih, 

Butts are round pieces of stems or of exceptionally large 
boughs, usually cut from the shorter and thicker part of either. 
A butt should be less than 23 feet (7 meters) in length, but at 
least 7 inches (18 centimeters) in mid -diameter measured 
without the bark. Whilst therefore in length a butt is 
surpassed by logs, its chief value lies in its larger diameter. 

Butts are chiefly coniferous, as broad leaved timber is now 
exported mostly in logs. They are used for piles, mining 
purposes, railway- sleepers ; shorter pieces (partly curved) in 
shipbuilding ; also in the construction of bridges and roads. 
In machinery they are in demand only sligiitly for rests, or 
sockets, anvil -stocks, pounding- troughs, etc. They are largely 
used as cloven- wood by the stave-maker, cooper, wheehvright, 
turner, shingle-maker, etc,, also for wood used for musical 
instruments, gunstocks, etc. Butts are, however, used chiefly 
lor sawn timber, and the bases of coniferous stems to form butts 
for sawmills in lengths of 10, 12, 14, 16, 18, 20 and 22 feet, 
those from 12 to 16 feet long (3J to 5 meters) being preferred. 

Wood also of oak, beech, poplar, alder for cigar- boxes, and 
other kinds, is cut into butts of similar dimensions for 
sawing. 

iii. Poles. 

t'olea are young stems, generally the produce of thinnings 
or coppice-fellings, and usually measure less than 7 inches 
Us centimeters) and down to 2^ inches (6 centimeters) in mid- 
^iameter, being always measured unbarked. They are usually 
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sold unbarked at their full length for pit-props, shafts, 
ladders, hop-poles, tree-props, walking-sticks, umbrella- 
handles, bean -sticks, etc. They may also be split into crate- 
or hurdle-wood, but are sawn into scantling very rarely. 

iv. Stacked Timber. 

This is in the form of round or split pieces, w'hich are piled 
like cordwood and sub-divided into two classes — 

Pieces over 6 inches (15 centimeters) in mid-diameter. 
Pieces (6 centimeters) to (5 inches in mid-diameter. 

Stacked timber is used by the clog or sabot maker, cooper, 
brush-maker, sieve-maker, wheelwright, turner, stave-maker, 
and in many places worked into vine-props. Round pieces 
are used now chiefly for making paper-pulp. 

V. }hii>^hH'(jod. 

Wood less than 3 inches (7 centimeters) in diameter at the 
thicker end is termed brushwood, and is generally piled 
between stakes. It is partly l)ranchwood, hut chiefly the 
produce of coppice, and is used for fascines, pea-sticks, 
brooms, fencing material, etc. In the case of osiers it is used 
for basket-AVork. 

(b) Firewood. 

After all the wood Avhich can I)e used as timber has been 
prepared, W’hat is left is firewood. 

Firewood is stacked for measurement, and termed cord Avood. 
In Germany, Austria-Hungary and Switzerland, the usual 
length of pieces of cordwood is 1 meter, or 39 inches, but 
this measure is not compulsory, provided the volume is com- 
puted in stacked cubic meters or feet. [In Hritain the length 
of billets is usually 3 feet, — Tr.] 

FireAvood is distinguished as follows according to the shape 
and size of the pieces 

i. Sidil JJillefs. 

Split firewood comes from stems and branches measuring 
across the smaller ends at least 5| inches (14 centimeters)) 
in SAvitzerland, inches (12 centimeters). 
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A billet of split firewood should measure from — 8 inches 
(14 to 20 centimeters) along the chord of its smaller end, and 
exceptionally up to 11 inches (28 centimeters); it should 
always be split from the core of the tree. 

ii. Round Billets. 

Bound firewood billets are unsplit round pieces of wood 24— 
54 inches (7 — 14 centimeters) in diameter at the thin end. 
In many districts, wood of this class is split in half. Round 
pieces of larger dimensions are used sometimes in charcoal- 
making. 

It is advisable always to split the round pieces of firewood in 
order to ensure drying, reduce carriage and increase the heat- 
ing power of the wood. Experiments have shown that round 
firewood when split loses 27 — 28 per cent, more w^eight in the 
five winter months than unsplit wood, and Schuberg has proved 
experimentally that its loss in weight in four weeks' time is 
double that of unsplit firewood. 

iii. Slump- and Roof -wood. 

Pieces of stumps and roots of all sizes, provided they are not 
longer than the other pieces of cordwood and may thus bo 
conveniently stacked, form this class of firewood. 

iv. Faggot -wood. 

Faggot- wood includes all refuse crown, branch, and coppice - 
wood under 24 inches (6 centimeters) in diameter at the larger 
end. 

This is either piled in heaps about equal in size, or tied 
into bundles termed faggots, or bavins, which are of about 
the same length and circumference as split cordwood 
killets. The remaining refuse of the felling is collected in 
heaps, and may be given away to the workmen, or auctioned. 

3. The M^ork of Convertion. 

The work of conversion comprises the woodcutter's work of 
P^’eparing the different assortments just described from the 
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felled trees, and demands the greatest care and supervision on 
the part of the forest manager. 

(a) Conversion of Timber. 

i. Removal of Branches. 

First the felled tree is freed from branches from its base 
upwards, the axe, or lopping-axe with a thick back, being 
generally used for the purpose. 

The branches must be severed smoothly close to the stem, 
and all projections on the stem and stumps of branches 
removed. If the branches are large enough to make cord- 
wood they may be sawn into suitable lengths whilst still 
attached to the stem. In other cases, and where it is prefer- 
able to use the axe, the branches may be cut from the stem 
and placed aside while the woodcutter is occupied with the 
stem. Whilst one man of a party removes the branches tlie 
others shorten the stem. In most cases the branches are fit for 
firewood only, but wherever some of the boughs in the large 
crowns of certain trees can be used as timber they should he 
set aside carefully, as thus pieces of valuable curved and kneed 
wood may be secured. 

In the case of oak trees the portion of the stem above the 
insertion of a large bough is so reduced in diameter that 
the stem should be severed at this point. The top is so 
much the more valuable if it forms a knee with an upper 
bough. 

Knee-pieces also may be obtained from a portion of the 
base of a tree and of a strong root, if the tree has been 
.uprooted. 

ii. Mmsuriiifi the Stem. 

Once the stem has been freed from branches it is meaHured 
with a yard or meter measure, and the different yards or meters 
marked on it by slight cuts in the bark. If the stem is fit for 
fuel only, it is then sawn through at these points (or into other 
^hort lengths) ; if intended for timber, it is cut into suitable 
lengths according to circumstances. 
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iii. Determining the Amrimeni. 

Once the tree has been freed from branches and measured, 
it must be decided from a consideration of its species, dimen- 
sions, form and quality, and the demands of the market, into 
what assortments it will be converted. This decision is of the 
greatest importance ; it usually should be made only by one of 
the forest staff. The usual rule is to allow the stems fit for 
timber to retain their full length as much as possible. There 
are many exceptions, however, to this rule, which is more 
applicable to coniferous than to broadleaved wood. 

(a) Quality.— Only perfectly sound wood should be con- 
verted into timber. This rule is specially applicable in the 
case of oakwood, which is often full of defects. Large old 
beech, spruce and silver-fir trees are also often heartshaken, 
cracked, infected with red -rot, or brittle at the base of the 
stem. Whenever pieces of timber of doubtful soundness, or 
from which the defective parts have not been carefully removed, 
are offered for sale, future sales of timber are greatly prejudiced. 
When, therefore, there are any doubts as to the soundness of 
the w^ood, it is better to cut it into shorter pieces than to 
send suspicious looking goods to the market. The timber 
purchaser, now-a-days, has had loo much experience of such 
pieces. 

(b) Shape of Stem. — Wherever long pieces are in demand, 
it is unusual to include in them the small end of the stem. 
The next point is, therefore, to decide where the top should be 
cut: as a rule, this should be wherever there is a marked 
falliiig-off in size, or a change of shape, in the stem; 
wherever, in fact, the top of the stem may be utilised dif- 
lerently from its lower portion. By leaving a piece of wood 

the end of a log, which does not accord well with it, the 
value of the latter is not increased, for the purchaser always 
excludes this piece from his estimate. If, however, the forest 
wner cuts off such a piece, it will be utilisable at any rate as 
^rcwood, and in the case of oak may be used as a railway- 
slceper or gate-post, the value of which would not be considered 

a purchaser of the bole. 

Straight, long pieces which are chiefly coniferous, need not 
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after removal of their end-pieces, be further shortened, and 
this is also the case with sound oak wood, even if not quite 
straight. In such cases, the longer the log the more valuable 
it will be. But as regards coniferous wood further considera- 
tion is necessary. Logs in tlie Schwartzwald and elsewhere 
are sold by the length and the diameter of their smaller 
ends; this should be the universal rule with coniferous 
timber. In such cases, the best place for removing the end of 
a log is where the small-end diameter approaches as nearly as 
possible to the minimum admissible. This is rarely less than 
6 inches for logs, and it may be laid down as a general rule, 
that the small-end diameter of a log should l)e one- third of 
that at its base. 

Formerly coniferous logs were sold usually by their cubic 
contents calculated from their length and mid-girth, Imt 
recently this measure is being abandoned for that of their 
length and small-end diameter. In such cases the measuring 
of the mid-diameter serves only to calculate the cubic 
contents. 

(c) Demands of the Market. —There are districts where long 
logs are not in demand, but butts for sawuiiills are preferred, 
and the finest spruce-logs are cut into suitable lengths for the 
neighbouring sawmills; where fine, straight oak stems must be 
cut into short lengths for staves, and so on. In other dis- 
tricts long logs are required for floating. In such cases, the 
custom of the trade must be follow'ed in converting the timber. 
It should also be considered whether, or not, the customs of 
the market are stable, the former being frequently the case in 
districts richly supplied with saw'mills, and more so with coni- 
ferous than with broadleaved wood. In other cases, and especi- 
ally with oak -timber, the demands of the market are very 
variable, depending on a good vintage, on large imports of 
foreign timber, etc. It is then prudent to cut the logs as long 
as possible, provided they are sound. 

In other districts, where timber is used chiefly for local pur- 
poses and lx),th short and long logs are wanted, it is better to 
cut one or two butts for sawmills from the base of the stems 
and retain the remainder as long as possible for building 
poses. A prevalent demand for long logs will occasionally 
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modify this rule and decide on the number of sawmill butts 
which will be sawn from the stem. It is not, as a rule, 
financially advisable to prepare butts for sawmills of less mid- 
diameter than 12 to 13J inches (30 to 35 centimeters) ; small 
butts may, however, be split or sawn into laths. 

(d) Facilities for Transport. — In converting large standards 
over a dense growth of saplings or poles, it is often considered 
l)est, out of respect to the young wood, to cut them into short 
lengths. Exceptionally this may be justifiable, but usually 
should be avoided, for the standard was retained expressly to 
yield large timber. 

All shortening of steins should be done with the saw, and 
only long logs which are to be dragged along the ground, 
slid down-hill with ropes, or floated in rafts, should have their 
larger ends rounded with the axe. 

There are many localities, in more or less accessible moun- 
tain districts, where the method of conversion depends on the 
possibility of transport, and where the preparation of long 
logs cannot be contemplated, because they cannot be 
removed. 

iv. Ejrjmme. of ikfr h. 

All wood, and especially pieces of valuable broadleaved 
timber, should be exposed by cutting through all swellings, or 
overgrown knots, so as to show its inner quality and increase 
the confidence of the purchaser. 

Tu the Spessart, and for the Baltic trade, oak- logs are split 
down the centre into half-balks, so as to expose completely the 
interior of the wood. This wood is used by the cabinet- 
maker. 

V. PreimaHoii of ih most Vahmbh Amrlmn/s, 

Whenever stems may be converted in several ways, that way 
should be adopted which is expected to yield the best price. 

vi. OonverKion of Poles. 

Poles, suitable for pit-props, hop-poles, cart-poles, telegraph- 
Posts, ladders, shafts, hurdles, bean-sticks, etc., which come 
partly from the principal fellings, but chiefly from thinnings, 

R 2 
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present the least difficulty in conversion. The species, and 
the greatest possible degree of straightness, are the chief points 
to attend to. 

In some cases it is necessary to leave the poles quite un- 
shortened, as for hop-poles, where the branches are not lopped 
off close to the stem, but snags of branches are left to assist 
the climbing of the hops. Sometimes the tops are left, as a 


( 

Feel injr- irons. 

Fig. Ua. -{'ommori. Fig. l.jO, Blat-k Forest. Fig, rpper Bavaria. 

proof that the poles were not dead when felled. Clotlies-props 
also, and props for trees, are left forked at the top. The top 
is removed from cart-poles. 

The dimensions of the different assortments vary local ly- 
Thus, hop-poles may he between 16 and 30 feet (5 and 10 
meters) in length. Telegraph-posts should be 7 to 10 inches 
(18 to 25 centimeters) in diameter, at 1 yard from the butt* 
end ; hop-poles 2| to 5 inches (6 to 12 centimeters). Hop- poles 
generally are felled dee]) into the ground with the axe, whilst 
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ladder- wood and wheelwright’s wood should be sawn straight 
at the butt. 

vii. Removfd of Bark. 

All stems felled during summer in coniferous forests are 
usually barked to prevent insect-attacks, facilitate transport 
and preserve the white colour of the wood. The wood may be 
barked completely, whenever this can be done, as in spring 
and early summer. During autumn and winter the bark can 
be removed only partially. 

Although complete barking gives the wood a better appear- 
ance, yet the rapid drying which ensues frequently causes 
numerous cracks into which spores of fungi are conveyed by 
the rain, and then the timber is liable to decay unless rapidly 
transported to its destination. 

Ill this respect partial barking is superior. The tools used 
for barking are shown in Figs. 149, 150, and 151, and com- 
pared with the^xe they save 50 per cent, of labour. Usually 
large stems with rough bark, especially during winter, are 
barked with the axe or adze. 

It has recently become usual to bark round stacked pieces, 
especially pulp-wood ; also the larger poles and especially 
hop-poles, but then only partial barking is necessary. 

(b) Preparation of Firewood. 

Firewood, especially split and round firewood, is prepared 
from the remains of the stem and branches after conversion 
of the timber ; or whole firewood trees, as in beech forests, are 
h'eed from branches, marked-off into lengths, and then sawn 
into short butts. 

In cuttiiig-up butts for firewood, chiefly the curved saw is 
nsed, and the work is assisted by wedges, which are inserted 

soon as the saw-cut is deep enough. Woodcutters must be 
careful not to cut obliquely, as they may easily do by mistake 
on sloping ground. The cut must be at right angles to the 
^xis of the tree, if the cords of firewood are to have a good 
onifoim appearance. As a rule, the larger branches are also 
cut into lengths with the saw, which should be used in convert- 
wood whenever it is possible. Only on very steep, rocky 
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ground, where the workman cannot find room to use the saw, 
or when stems are lying one over the other, etc,, may the axe 
be used for this purpose. The wood should then be cut so as 
to have one cut vertical and the other oblique, as in Fig. 152. 
By the use of the axe from 6 to 8 per cent, of the wood is 
wasted, being 7 per cent, when the pieces are 1 meter long. 

The round pieces over 5J inches in diameter at the smaller 
end are then split by means of the wedge and cleaving-axe 
into split cord wood, and whenever the trade prefers that round 
cordwood should be split, this should also be done. 

The wedge is generally placed on the top of the round piece, 
and driven in by a blow of the axe- 
head. Whenever the wood is difficult 
to split this forms the chief part of 
the woodcutter’s work in the pre- 
i.>2. Mel hod of cuthiig paration of firewood. He requires 

niewocHl. , T/v . 

several wedges of different sizes, 
and even uses the cleaving-axe as a wedge, drfving it in with 
the beetle. It is only in the case of easily split wood that the 
wedge may be placed on tlie side of the round pieces. Pieces 
5 J to 8 inches (14 to 20 centimeters) across, are usually merely 
split in half, whilst pieces 8 to 12 inches (20 to 30 centi- 
meters) across are split into six or eight pieces. Except in the 
case of very large trees, the pieces always are split to the 
core. It would, however, be better, both to facilitate transjiort 
and improve the quality of the wood, that no pieces exceed 
to 8 inches (14 to 20 centimeters) measured along the 
chord. 

(c) Befuse. 

Pieces too knotty or of too twisted fibre to he split remain 
entire and go with the refuse, after tlie conversion is over. 

(d) Cloven-timber. 

In the conversion of firewood, billets which may be other- 
wise utilised sliould be put aside carefully. This is specially 
necessary with oak wood ; and from the broken pieces of trees 
which cannot be converted into logs, or butts, many billets 
may be utilised as cloven -timber, and they should be carefully 
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freed from all defective portions and from sapwood. They 
need have no fixed dimensions, but should be as large as 
possible and of whatever length is desirable. 

(e) Conversion of Stumps and Eoot-wood. 

The most laborious of all works in conversion of wood 
is that of the stumps and roots. If the tree has been 
uprooted, the roots are separated from the stem by means 
of the saw, and they are then freed from the soil which 
may be attached to them and reduced in size by means 
of the wedge and axe, or by blasting tliem with powder or 
dynamite. 

In separating the roots from uprooted trees, it some- 
times happens, in easily cloven wood, that when the saw 
has gone about half through the base of the stem, the 
stump splits the stem owing to its weight and falls back 
into its original hole. To prevent this disaster, a chain 
may be wound round the stem below the saw-cut and 
tightened by driving in wedges, and the stump supported 
by pieces of wood. 

i. (*onvmion of Stum^ by means of Onlinary Tools. 

Small stumps up to 3 inches across are not split. Those 
from 3—0 inches are split lengthwise by means of the axe and 
wedges, the wedges being usually placed on the sawn section, 
and if it ig also necessary to begin splitting from below as 
well, always from the projection of a side- root, where the 
stump is most easily cloven. If possible, the wood should be 
split to tlie core, but this cannot be done in the case of thick 
stumps of coarse fibre, from which pieces are split-off gradu- 
ally from the circumference. This method of splitting is 
effected more easily while the stump is still in the ground, 
tbaii after it has been extracted. Wooden wedges, holding 
better than iron ones, are more serviceable in splitting stumps. 
In order to tea'r apart the pieces more thoroughly, iron crow- 
bars are used, and the ordinary screw-jack is very serviceable. 

t has been stated already that machines may be used for 
extracting stumps, 
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ii. BlasHmj Shmips hj Gunpowder, 

The stump M^hich is to be blasted by a charge of gunpowder 
is bored best from its flat surface by means of a large auger 
(Fig. 15B), so that the bore-hole may go down to the junction 
of the roots. In case the tree 
is rotten at the heart, the boring 
must be made from one of the 
sides. The charge should con- 
sist of IJ, 3 or 4J ozs. of blast- 
ing-powder, and a fuse should 
be introduced, or some other 
arrangement made for firing 
the blast. Frivolin and Ryssel 
used ordinary percussion caps 
for the purpose. Fig. 154 shows 
a simple detonator, the ring (n) 
being for the insertion of a 
handle for screwing it into the 
bore -hole, whilst {h) is a simple 
trigger for striking the cap. 
Urich improved matters further 
by uding an apparatus with a 
needle for firing the cap, which 
was placed on the toj) of the pow'der, as shown in Figs. 155, 
153, the former giving its external form, and the latter a 
section through its axis. The apparatus has a bore suftieieiit 




Fig. I5L— FrivoliJi’s detonator. 


for the working of the needle (m o). It is closed by » 
screw-lid {h) in which the cap («) is placed. In order 
to prepare the apparatus for firing, the needle is raised 
by means of the ring (m), and a steel pin is placed in the 
aperture (d). Tlie lid (h) is then removed, and screwed 
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on again after a cap has been inserted. The charge is 
fired on the removal of the pin by means of a long cord, 
the needle being driven down on to the cap by a strong 
spiral spring placed above the ledge (m). The advantage 
of this apparatus consists in the fact that it is not necessary 
to fill it with powder, but a cap only is required, and the 
firing of the charge follows immediately on the release of 
the needle, which can be done from a distance with perfect 
safety, whilst no tamping is required for the blast, the strong 
apparatus screwed into the bore-hole serving instead; the 



results are excellent, the largest stumps being split into two 
or more pieces. 

Whenever only a fuse is used, after less than half the 
powder has been poured into the bore-hole, the fuse, made of 
tarred yarn surrounding a thin column of powder is inserted, 
and then the rest of the powder. Then the remainder of the 
bore-hole is filled with earth or clay as a tamping, and firmly 
fanimed-down. 

The portion of the fuse 4 — 6 inches long, which protrudes 
beyond the hole, is lighted with a match and in 1—2 minutes 
the explosion follows. 
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iii. BJading Stumps by Dynamite. 


Dynamite is a more powerful explosive than gunpowder, and 
is obtainable in cartridges resembling brown stearine candles 
encased in thick paper. It becomes hard at temperatures of 
45° to 50° Fall, and cannot be heated above 108° Fah. without 
danger. It will not explode unless it be at least as soft as 
wax, and must therefore be warmed slightly during winter. 

According to the sixe of the stump 
|> 1*7 — 2 grams (1 — 1‘12 drams) of 

■ dynamite are required for every centi- 

meter in the diameter of the stump, 
ft so that cartridges of 70 to 100 grams 

I suffice for .stumps of 0*50 to 070 

I meters in diameter [i.c., to 3^ 

I ounces for diameters of 1 foot 8 inehos 

^ to 2 feet 8 inches. — Tr.], provided (he 

fev' 9 c wood is not too difficult to split. 

B dynamite-cartridge (p) in Fig. 

^ H placed in the bore-hole, 

B which should be of suitable bore to 
admit it, and rammed liome witli a 
wooden ram-rod. A smaller cart- 
ridge (^) is used in connection with 
a fuse for firing the charge, the end 
V being placed on the soft 

mass of dynamite of this cartridge, 
Fig. i.j 7. KUting with ^ I ^ in the paper 

flynamite, c I uso. ^ ^ ^ , 

covering of the latter. This firing- 

cartridge and fuse is then let dowui on to tlie hhisting-cartrhlge 
in the bore-hole. The vacant space in the hore-liole is then 
tamped with earth and the fuse lighted. 

Whilst blasting with powder frequently only cracks tlie stump, 
by the use of dynamite it may he lorn into several pieces. 

As regards the cost and saving of labour by blasting fh^ 
stump, various estimates representing from 30 to 50 per cent 
labour saved have been made ; for oak-stumps the cost is 
estimated at fid. per stacked cubic meter cheaper than manual 
labour, and for Scots pine at 8d. more. 
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Dynamite can be used with advantage only on completely 
uprooted stumps, for it has scarcely any effect on those still 
in the ground. Owing to its highly explosive nature, dynamite 
will not be much used for blasting stumps in forests at any 
rate during winter; also on account of its high price and 
because it is a strong poison. 

The use of blasting powder can, however, be strongly 
recommended for this purpose wherever the price of labour is 
high, and stumps have to be split. 

(!) Preparation of Faggots. 

Wherever twigs and branches are in demand for fuel, they 
are cut into lengths with the bill-hook and bound into faggots, 
or bavins, by means of one or two withes or binders. 



[Fernandez* gives a simple frame for faggot-binding as 
ahown in Fig, 158. The lever (/), the lower end of which rests 
against the bar (6), is drawn towards the operator and hitched 
into the hook (/i), thus tightening the chain over tlio bundle of 
sticks. The withes can now be tied and the pressure on the 
faggot released by unhitching the lever; the length of the 
cham, which can be varied, regulates the size of the faggot.-— 

In other cases, small branch wood may be carried to the 
nearest roadside and stacked in heaps between stakes. 

I aggots should be made in whatever dimensions the public 

• *’ riiUwition of Forest?/’ p. lOS. 
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prefer. In country districts usually long thick faggots are in 
demand : near towns they are preferred when not exceeding 
80 pounds in weight ; they may be feet long and 2^ feet 
in girth, five smaller ones being bound-together to make a 
faggot. 

The best withes are slender oak coppice-shoots, but hazel, 
sallow and birch, etc. , will serve the purpose. These withes are 
freed from all side- shoots, and when freshly cut, or steeped in 
water, are placed on a fire to make them pliable ; they are then 
twisted like ropes into a loop at the thin end, through which the 
thick end is drawn when they are fastened round the faggot. 

4. liemovid of ]Vond prerioas to Conversiou. 

It has been presupposed liitherto that the conversion of the 
felled wood takes place on the felling-area near the stumps of 
the felled trees, and this is generally the case. 

There are, however, circumstances in which it is necessary to 
remove the wood from the felling-area, or at any rate away from 
the stumps of the felled trees, before it is converted as in a 
young crop, during the final stage of natural regeneration ; under 
a shelter wood, in selection-fellings, cleanings and thinnings. 
Splitting firewood and conversion of the easily transportable 
poles and saplings may then be effected on neighbouring blanks, 
roadsides, etc. 

Wherever the firewood before being stacked has to undergo 
a further transport by water, sledge- roads or slides, it is advis- 
able to convert it into short butts, and to split these up only 
after they have been transported to a depot. 

5. Occasional Non-con version of Fireivood. 

Owing to the present greatly reduced price of firewood, 
foresters often are obliged to give up converting it in the 
regular way just described. Wood yielding only round billets 
and faggots, especially from extensive thinnings, may then be 
simply carried unshortened, including the crowns, to the nearest 
roadside, and stacked between stakes. 

There are districts where there is absolutely no demand for 
small poles, saplings, and branch -wood, as in many Alpnie 
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forests, or in districts containing many private and communal 
forests. 

6. General Rules regarding Conversion. 
Forest-managers should bear in mind the following rules 
regarding conversion of timber and firewood : — 

(a) The most urgent local demands of right-holders and 
contractors must be satisfied first, and the conversion of the 
remaining material effected from a strictly financial point of 
view, that is, with a thorough knowledge of the actual demands 
of the market. 

(b) After carefully considering the demand, the wood should 
be converted so as to yield the highest possible net- value on 
deducting the cost of conversion. Hence, the mode of conver- 
sion is a purely local affair, and will vary greatly according to 
circumstances in different forest ranges. 

(c) The conversion into any assortment should be regulated in 
quantity, so as not to glut the market, and to allow of the demands 
for other assortments being fully met. Forest-managers should, 
therefore, be conversant wdth the state of the supply of different 
classes of material from other forests which compete with their 
Own. 

(d) The rarer and more valuable any assortments, the greater 
care must be bestowed on their conversion. This is especially 
the case with oak and large coniferous timber, 

(e) Conversion of timber often is effected better when different 
classes of workmen are employed for the different works. Thus, 
in broadleaved forests the work commences with the felling and 
conversion of the large timber trees ; after all the best timber 
IS ready, what is left is converted into firewood and other inferior 
assortments. In coniferous forests it is often customary and 
advisable first to prepare the various cloven wares, such as 
shingles, staves, etc., then the butts for sawmills and the logs, 
and finally the firewood. 

(f) The forest-manager should ascertain always the wishes of 
brnber-merchants, manufacturers and craftsmen of the neigh- 
bourhood, and they may he encouraged to visit the felling-area 

this purpose, but he should be on his guard lest by following 
^he advice of any of them competition for the produce may be 
^educed. 
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(g) Although it is justifiable, when the prices of wood are low 
and wages high, to attempt only a very rough conversion of 
firewood, or abandon converting it altogether, yet this should 
never be done with valuable material. Any carelessness in its 
preparation will do more injury to the forest revenue than 
paying high wages for good work. 

(h) It is usually advantageous in forests where petty delin- 
quencies are frequent, for the manager to compete with the 
thieves by selling better and cheaper material than they do, 
such as hop-poles, bean- and pea-sticks, Christmas-trees, etc. 

Section VI. — Sorting and Stacking Converted Material. 

1 . (Jeneral Account. 

The rough conversion of the felled trees must produce many 
pieces of the same class, but of different qualities, shajies and 
dimensions, especially among the timber w’here scarcely two 
pieces are identically alike. As every producer keeps his wares 
of different kinds and qualities apart, so each kind of converted 
forest material should be separately arranged. In this way only 
can it be possible to estimate the probable value of the results 
of the felling, and to expose the lots for the inspection of the 
different classes of purchasers. The real object of separating 
assortments of woods used by various industries and consumers, 
is to obtain the highest possible price for each assortment. The 
arrangement of the assortments into classes should, therefore, 
be made on the following principles 

i. All pieces which are of different value, and fetch different 
prices, must be put in separate classes. 

ii. The classes must correspond always to the demands of 
the locality. 

iii. Tlie separation into eliiBses should depend on differences 
of species, size, shape, quality, and demands of the market, 
and these will be discussed in detail further on. 

iv. This separation must not be too minute, or go too much 
into detail, so that there can be any doubt about the proper 
classification of any piece, or too much difficulty in calculating 
and registering the results of the felling. There is a consider' 
able difference in this respect between valuable pieces of timhei 
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and common sorts of firewood. In the former ease, the manager 
can hardly go too far in subdividing the classes, and a difference 
of price exceeding \d. per cubic foot should cause a different 
class of timber to be established. 

A difference of value is, therefore, the chief reason lor a 
difference in class of material. 


2. Ddailed Accomt. 

(a) Species. 

The species of tree has a great influence on the use to which 
the wood can be put. Timbers of different species should, there- 
fore, be separated into classes, or at least species of equal value 
should be classed together. The same procedure should be 
adopted in the case of firewood, or where there are few of 
them all inferior kinds should be separated from those more 
valual)le. 

Of great importance in sorting felled material is the com- 
parative abundance or rarity of any species. Thus, where 
valuable oakw^ood is abundant, the chief point to attend to will 
be to classify the oak timber ; in coniferous forests, to classify 
the spruce or pine timber, and in beech woods the beech-timber 
and the better classes of firew^ood. 


(b) Dimensions. 


Logs, butts, and poles will be classified according to their 
dimensions. As the value of a log or butt is not always 
directly proportional to its cubic contents, but to its length, 
or thickness, and in the case of coniferous wood to the 
thickness of its smaller end, the pieces w'ill be classified 
accordingly. 


Huch classes are formed according to differences of about 
b feet in length, and 2—4 inches in thickness. In the case 
of valuable timber, the classification according to thickness 
|«ay go^ down to one centimeter. [Thus, in France, oak. 
uu er increases in value at about one franc per cubic meter, 
or every additional centimeter in diameter over fifty centi. 

vabjable the pieces, the rougher the 
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Large billets always increase the solid contents of a pile of 
stacked firewood, so that firewood also should be classified 
according to dimensions. 


(c) Shape. 

Curved timber should be classed according to the degree of 
curvature for a certain length, or in kneed-timber for the angle 
at which the branch leaves the main piece. 

In classifying other timbers, the chief points to which 
attention should be paid are -whether they are straight, 
bent in one plane, quite crooked, or contain burrs; also, 
whether they are clean-grained, or merely have been trimme<( 
free from many branches and are knotty. 

In the case of firewood, also, straight billets of split or round 
stem -wood should be piled separately from crooked and knotty 
branch-wood. 

(d) Quality. 

Independently of its soundness, which is always presup- 
posed in the case of timlier, there is a great difference in 
quality depending on its grain. Thus, we have coarse- 
grained and fine-grained timber, timber with broad or narrow 
annual zones, with straight, twisted, or wavy fibre. Some 
stems are naturally, smooth on the surface, others lumpy 
owing to occluded knots. All theife circumstances affect 
the value of the pieces and should ’be* considered in sorting 
them. 

In the case of firewood any- unsound and broken pieces 
should be piled apart from the l>etter wood, and as the age of 
the tree often influences the heating-power of the wood, 
young or very old wood may be separated from middle-aged 
w’ood. 

It cannot be repeated too often that only sound wood sliould 
be classified as timber. Wood, in its present struggle against 
iron and other substitutes for it, can win the day only 
when it is sound and durable. This is especially the case 
w’here the wood has to be transported long distances, and 
is subject to indifferent treatment before it reaches the 
consumer. 
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(e) Local Demand. 

In classifying the produce attention always must be paid to the 
local-demand. Thus, in certain localities, custom may render 
it necessary to classify wood in a way that is quite uncalled 
for in other localities. Whilst, however, sufficiently conform- 
ing to custom in this respect, the manager always should 
attend to the chance of changes being introduced gradually in 
conformity with the demands of more distant markets than 
his own immediate surroundings. 

B. List of Wood’assortments. 

The following list gives all the common sub-divisions of the 
different classes of produce from the fellings. 

A. Large Timber. 

(a) Lo(/s. 

i. Oakwood (Spessart), 10 — 80 feet long and of normal 
quality. 

Class L, logs over 26 inches in mid-diameter. 


II., „ 

24—25 ' „ 


III., „ 

22—23 „ 


IV., „ 

„ 

>> 

V., „ 

1^18 „ 


VI., „ 

13—15 „ 


VII., „ 

10—12 „ 


VIIL, „ 

5-9 „ 



Defective timber is put back one or two classes and very 
(lefective timber two or three classes lower than their dimensions 
would otherwise warrant. Logs of good quality longer than 
30 feet are put forward one class, or even two classes, if the 
timber is very superior. 

ii. Coniferous Timber. 

After rejecting wood from diseased trees and setting apart 
‘e finest ringed and straightest grained wood, the outer shape 
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and the dimensions of the timber form the chief guide for 
classifying coniferous wood. As regards dimensions, the logs 
may be classified according to the mid-diameter, or to the 
small-end diameter. In no other case has the latter so impor- 
tant a bearing on the value of the timber, as in coniferous 
logs, and accordingly in many districts of South Germany the 
classification is so arranged. The mere volume of the logs is 
a bad index of their comparative value. 

In accordance with the Heilbron classification, which is 
almost everywhere preferred by the German timber-trade, 
coniferous logs are classed as follows : 


Class. 


Length. Diameter at small cud. 



M. 

Ft. 

CM. 

luB. 

L 


18 = 

58, and over, 

30 

12 

11. 

16- 

-18 ~ 

52—58 

22 

y 

111. 

14- 

-16 

45—62 

17 

7 

lY. 

10- 

-14 = 

32—45 

14 

5 

Y. 

up to 10 

82 

12 

4? 


All the timber must be sound and free from bniiiches; 
rough but sound timber goes down a class. The diameters 
are measured under bark. 

Classes lower than V. comprise ordinary or inferior building- 
timber, rafters, fencing rails, pulp- wood and pit-props. In 
Bavaria, a sixth class, with at least 0 cm. (2^ inches) diameter 
at small end, is added. 

If the wood is classified by mid-diameter the classes are as 
follows : 

Class. Mid-diatut‘tcT. 

1. and II. 85 cm. and more, 14 inches. 

III. 25-35 „ 10-14 „ 

lY. 20-25 „ 8-10 „ 

V. under 20 „ 8 „ 

iii. Remaining Species. 

Broadleaved trees, other than oak, do not yield uuich 
marketable timber ; the exceptions to this rule are, eliu, ash, 
alder and aspen. [Willow, sweet-chestnut and sycamore are 
valuable in Britain.— Tr.] In many cases each of these 
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woods may be classified separately, and the others classed 
together. Wherever any of these timbers are of special value, 
they should be classed separately. 


(b) JJuKii, 



i. Oak 

(Spessart). 


Class. 

Length. 

Mid-dia meter. 


M. Ft. 

OM. 

Ins. 

1. not less than 3—10, not less than 75 

30 

II. 

„ 3-10 

„ 66-74 

26—29 

III. 

» 3—10 

„ 61—05 

“Ad 

IV. 

M 3—10 

„ 55—60 

‘22-23 

V. 

,, 3-10 

„ 48-54 

19—21 


lulerior wood goes down a class, and very superior wood 
goes up a class. 

The above timber is for sawing, staves, cabinet-making 
window- wood, etc. Curved w’ood, knees, and railway- sleeper 
wood come in here, also inferior wood for split wood, 
wheelwrights, and wood for sawing. 

ii. Coniferous Wood, 

Glass L, butts of best quality for musical instruments, 
shingles, and other split ware. 

Class II., butts of 14 inches mid-diameter and over ; 
straight-grained. 

Class III., butts of 10 — 14 inches mid-diameter. 

Class IV., butts of less than 10 inches mid-diameter. 

Class V., butts of inferior quality and of various sizes. 

The wood in these classes is chiefly intended for sawmills to 
be converted into planks, boards and scantling. The wood 
must be classed according to species, and occasionally more 
classes than those given above will be required. 

As regards length, it is generally constant for the same 
locality, according to the custom of the sawmills or floating 
trade. The timber-trade prefers lengths of 10, 11, 12, 14, and 
18 feet. The smallest class is usually for water-pipes. 

s 2 
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iii. Remaining Species. 

Here according to the quantity of limber available, and the 
demand, a separation into classes is advisable. Three classes 
for each kind will suffice. Among broadleaved trees, after 
oak, ash, elm, sycamore, alder and beech are most important 
and require separate classification. 

B. Poles. 

Ill this group poles used for building or other industrial 
purposes come first, then those used in agriculture. There 
is great variety in different districts as regards their dimen- 
sions : the following list gives only the more important 
classes, most of which, and especially the larger sizes, may 
be sub-divided into two, three, or even four sub-classes. 

1. Building- and scaffolding-poles, rafters, always coniferous, 

30^50 feet long and more, 100 pieces containing 200— 
300 cubic feet (6—8 cubic meters). 

2. Telegraph-posts, 25 — 30 feet long, 6 inches across at top. 

3. May-poles. 

4. Ladder-wood, 20 — 40 feet long, 100 pieces containing 

175—200 cubic feet. 

5. Cart and agricultural implement poles, of both broad- 

leaved and coniferous wood, 100 pieces containing 
100—175 cubic feet. 

6. Hop-poles, coniferous [except sweet-chestnut.— Tr.], 15— 

30 feet long, 2J - 5 inches in diameter at 4 feet from the 
base, generally sub-divided into four or five classes. One 
hundred pieces contain 125, 80, 60, 35, 20 cubic feet. 

7. Poles for fastening logs into rafts, 10—16 feet long. 

8. Tree-props of different species. 

9. Tree- stakes of different species. 

10. Poles used for making hooping for casks. 

11. Crate-wood and hurdle-stakes. 

12. Fascine-stakes and hurdle-rails. 

13. Bean-sticks, 10— 15 feet long. 

14. Fencing-stakes, 10—15 feet long. 

15. Hedge-stakes [also walking-sticks and handles for um' 

brellas.— Tr.]. 
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C. Stacked Wood for Splitting. 

As regards species ; oak, sweet-chestnut, alder and ash should 
be placed separately, also conifers. 

Farther separation into two or three classes, according to 
dimensions and fissibility, is also necessary. This group must 
always consist of sound wood. Stacked oakwood in the 
Palatinate is divided into two groups, stave -wood and wood for 
vine-props, the former into four, and the latter into two 
classes ; wood of other species and coniferous wood are each 
divided into three classes. 

The round pieces of stacked timber are divided according to 
species into two classes of different dimensions. They are 
used for vine-props, pit-props, and in lengths of 5 — 6 feet for 
the manufacture of paper-pulp. 

D. Brushwood. 

1. Withes. 

2. Osiers for baslcet-making. 

3. Wood for brooms and pea-sticks. 

4. Wood for fascines. 

5. Thatching material. 

6. Christmas-trees. 

E. Firewood. 

1. Split billets, thoroughly sound wood, sub-divided into two 

classes according to size. 

2. Crooked billets, sound but knotty. 

3. Brokfen wood. Unsound split billets sub-divided into two 

classes according to the degree of unsound ness. 

4. Bound billets from stems. 

5. Bound billets from branches. 

3. Peeled round billets from oak-coppice grown for tan. 

7. Boot- wood. This may be divided into two classes, when 

it sells well. 

8. Large un split pieces. 

3- Bmall split billets fastened with withes (Fr. co/rc/if). 

10. Faggots without twigs of larger wood from thinnings, 

under inches in diameter. 
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11. Branch-faggots, 

12. Faggots of thorns, etc., from cleanings. 

13. Heaped-up faggot wood. 

14. Bark for fuel. The bark of silver-fir and spruce, when 

it is not required for tanning, is often stacked and sold 
for fuel. The bark rolls-up when thoroughly dried, and 
becomes less bulky. 

The price-lists depend on the classification of the produce 
from a felling-area, so that there is a local price for every unit 
of produce. Such prices usually include the cost of conver- 
sion. 


Sfction VIL — Clkahtno the Felling-area, 

1. E.vpiauation of the Term. 

The felled and converted material of different kinds, which 
during the process of conversion lies scattered over the felling- 
area, must lie sorted and collected in a temporary forest 
depot. This is situated within the felling-area, in a valley or' 
on a road leading from one, at the top of a timber-slide or 
sledge-road, or on tlie banks of a stream down which it is pro- 
posed to float the material. In no case, however, should the 
forest depot be so far removed from the felling- area that the 
material cannot ])e transported there by the regular wood- 
cutters with the help of horses, or other simple means of 
transport. 

Clearing the felling-area, therefore, means I'emoviiig the 
material by dragging, carrying, sliding, or sledging to a con- 
venient forest depot either within the felling-area or not too 
remote from it. 

Whenever the material is to be removed to a permanent 
depot near the place of consumption or a railway-station, hy 
means of more or less permanent means of communication, 
such as roads, slides, forest- tramways, streams, etc., all the 
measures required to effect its removal come under the head 
of wood-transport. Clearing a felling-area and transport 
cannot however be distinctly separated, and sometimes they 
are both ca.ried on simultaneously l)y means of the same gai’o 
of woodcutters. 
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2. Puiyose of the Clearance. 

The wood is removed generally from the felling-area before 
selling it, for different reasons : first, to facilitate the estima- 
tion of the yield of the felling in quantity and quality ; then, 
for silvicultural reasons, and finally, to improve the forest 
revenue. 

The first of these objects is obvious, and wherever the 
estimation of the yield depends on the clearance, that is clearly 
a part of the classification of the timber which has been already 
described (p. 254). The wood must be stacked in assortments 
in the forest depot, and the woodcutter who assists in removing 
it from the felling-area must understand the local classification 
of the material. 

It is evident also that the removal of the material must act 
benoficially on the growing-stock, and that the preservation of 
the latter is much better secured when the forest-manager 
controls the clearance of the felling-area, than when the 
^indifferent or careless wood-merchant deals with it, and is, 
therefore, admitted into all parts of the forest. Besides, 
in many conditions of the standing-crop it is essential that the 
converted material, which must remain in the forest until it is 
removed by the purchaser, should without delay be withdrawn 
from the felling- area, so that the latter may be left free and 
undisturbed for silvicultural operations. This is above all 
necessary in the case of coppice and coppice-with-standards, 
and also in natural regeneration-fellings in high forest. 

The collection of the produce of a felling in depots accessible 
to ordinary carts, and which offer no difficulty of access to 
timber -merchants, must act beneficially on the prices and 
increase the forest revenue. Experience proves clearly that 
money carefully spent in this way will repay itself amply; 
even if there were no other objection to the clearance being 
effected by the purchaser, it is evident thafcjthe forest-manager 
can do the work cheaper than the individual purchasers of 
different lota. 

3. Choice of a Forest-Depot. 

In order to secure the above objects as thoroughly as possible, 
the proper choice of an area to serve as a forest-depot is highly 
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important. Every forest-depot should be so situated as to be 
within easy reach of the timber-purchasers’ carts, or other 
inodes of transport, and so that the neighbouring woods may 
be liable to the least possible amount of injury in both the 
clearance and transport of the material ; it must also be in an 
open, airy or at least dry position, and should offer sufficient 
room for the different classes of material to be arranged con- 
veniently for inspection by intending purchasers and by the 
forest staff. ^Yherever the logs have been harked, the depot 
should also be shady, so that cracking may be avoided. 

Usually in plains, or moderately low mountain-ranges, the 
material is brought to the nearest road, or where this is not 
broad enough, into the forest bordering the road, including 
the ditches. Blanks on the felling-area, or in the clear- 
cutting system the felling-area itself, may be used as a depot, 
if there is no immediate necessity for restocking them. In 
higher mountain -ranges all the material from a felling-area 
must be brought down into the valleys, to the top of a slide, or 
to the banks of a stream. Usually this is done whilst the< 
tiinber-woj:k is proceeding. 

Wherever great numbers of trees are felled yearly, it is in 
the interest of the forest-owner to set-aside permanent timber 
depots for the reception of the material from felling- areas, and 
to place the logs on supports keeping them from contact with 
the damp ground. 

4. Mat trial to he liemoved. 

In general, all wood should be removed from the felling-area, 
tlie sale of which would at least cover the cost of removal, when 
only the simple means at the disposal of the woodcutters are 
used. 

All firewood and the smaller kinds of agricultural wood 
should be removed always before a sale ; whether, or not, tin’s 
should be the case ^ith the larger logs and butts depends chiefly 
on the nature of the ground. If the felling-area is nearly 
level, it is easy for the purchasers’ carts to come up to the 
stumps of the felled trees to load and convey the heavy pieces 
of timber directly to their destination. If, however, the felling" 
area is on a slope, skilful woodcutters will find no difficulty in 
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removing the heaviest logs down to the valley below ; in such 
places it is indeed necessary for them to do so, for carts 
cannot then leave the roads, and the purchaser of the timber 
must not be allowed to slide the logs downhill to his carts. On 
sloping ground, therefore, all large timber is removed by the 
woodcutters from the feiling-area. Where there is only a 
gentle slope, the removal of the timber from the felling- area 
will depend on the amount of protection necessary for the 
forest crop. In many such cases, it is sufficient to remove 
the timber to the nearest cart-track passing through the 
felling-area. 

The mode of re-stocking the area to be adopted will also 
influence the matter. If the area of a clear-felling is to be 
rc-stocked immediately, all the wood on it must be removed. 
In the case of natural regeneratioji, there are usually blanks 
in the felling-area on which the heaviest timber may be 
placed. 

Wherever the purchaser undertakes to fashion the wood in 
■the forest, as in the making of sabots, spokes, staves and 
other cloven ware, the worksheds should, if possible*, be kept 
outside the felling-area ; the granting of the permit to pre- 
pare the wood should depend also on the acceptance by the 
purchaser of certain suitable sites for his work, provided such 
sites are available. 

5. Modes of Clearance. 

The felling-area may he cleared in various ways, which are 
more or less consonant with forest protection ; such as carry- 
ing, sliding, dragging, sledging, letting-down by ropes, using 
timber-chutes and rolling dow'nhill. 

(a) Careful Methods of Clearing a Felling-area. 

i. Carrifiwj. 

Carrying is done chiefly by men, seldom by beasts, and is 
<^ufincd to the smaller classes of material, such as firewood, 
poies, branch wood and cloven-ware. 

As carrying by men is very laborious and expensive, it is 
for short distances only, especially when wood lias to be 
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removed from young growth with the least possible amount of 
damage to the latter, or has to be taken a short distance uphill 
to a road ; also on very rocky ground, where no other means 
of transport is practicable. The woodcutter either carries the 
wood on his shoulder or piled on a frame on his back, or it is 
carried on a litter supported by two people. Logs and poles 
may be carried on the shoulders of several people [or suspended 
from rods resting on their shoulders as they walk in pairs. — 
Tr.]. In natural reproduction-areas, especially during the final 
stage in spruce or silver- fir woods, all branchwood should he 
carried and not dragged from the felling-area, as the latter 
plan does much damage to the young growth and predisposes 
it to attacks of weevils. 

ii. Rmovunj Wood on Wheeled Conveijanrea. 

This is always a careful method of clearing a felling-area, 
but can be employed only where the ground is fairly level. 
The ordinary wheel-barrow may be used, to which a rope 
may be attached to economise strength in pulling. Horses or 
bullocks also may be used on fairly level ground, with the 
front or back pair of wheels of a timber cart. In this ease 
the log is hung under the axle of the wheels, and this is tlie 
best method available for removing timber from young growth 
without injuring it. The use of portable railways (p. 336) 
is also a method as good, if not better, than the above. [A 
French method of raising logs on to carts is shown on p. 481. 
— Tr.] 

In order to further the transport, sufficiently wdde cart- 
tracks or paths may be cleared, which is specially advisable 
if young growth is to he traversed. In any case this method 
is far preferable to dragging the timber carelessly along the 
ground. 

iii. hrafjfjimj or SJidinff (dang the Ground. 

In this method either men or beasts may be employed. 
Various implements are used Ijy the workmen to expedite 
matters, such as the krempe (Fig. 161), or the implement 
shown in Fig. 160, re.sembling a boat-hook, and also used in 
floating timber, or the strong hook-lever with liook and ring 
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(Fig. 162), or ordinary levers. In the case of beasts dragging 
the logs, chains are used, which may be fastened to the logs by 
grappling-irons (Fig. 163), or by means of the slip (Fig. 164 
for two horses or Fig. 165 for one). The short sledge (Fig. 172) 
may be used. 

Before a log can be dragged or slid, generally it must be 
turned over, or rolled into the dragging- track ; for this the 
hook-lever may be used as shown in Fig, 159. To bring a log 
parallel to the dragging-track, it suffices generally to place a 
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roller under its centre of gravity, when it can easily be turned 
in any required direction. 

If a log is to be slid down by men, which evidently can be 
done only if the ground is sufficiently steep, it is brought into 
the sliding-track with its butt-end downwards, and then guided 
hy the krempe at its butt, as it is forced to slide downhill by 
levers. The workmen who accompany it downhill release the 
tog should it stick against any obstacle, and bring it down to 
the nearest export-road, or to level ground. 

^ ^Mien beasts are used to drag the logs, such as horses, bullocks 
[•R India, buffaloes and elephants.— Tr.], the ground must be 
tevcl or only slightly inclined. The log is then held firmly, as 

the Alps, by the grappling-iron, or a hole is cut in the butt 
of the log to which the dragging-chain is fastened. If the 
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ground is covered with snow, the logs are simply dragged along 
over it, or are fasteiied to the front wheels of a timber-cart, or 
to a sledge. In any case much labour is saved by slightly 
raising the butt-end of the log from the ground on a slip. 

Ill the Bavarian Alps a simple arrangement, the dragging- 
shoe (Fig- 166 ), has proved useful. It hinders soil erosion 
and the up- rooting of plants. The shoe is placed under the 
front of the log, which sticks on the iron points, if it gets 
loose during transport; the other pointed iron is driven into 
the log. 

In most forests, sliding or dragging are the usual methods 
employed for clearing the felling-area ; on slopes by men, and 



on fairly level ground by animals. In the case of reproduc- 
tion-areas, and especially those in coniferous forests, dragging 
should lie done only with great care, the log not being 
allowed to roll ; there should also be suilicient snow on the 
ground. Dragging injures young plants more than any other 
method and greatly exposes young conifers to attacks of 
weevils. It must, however, often be employed even when 
the ground is free from snow, but in such cases it is not 
sufficient to slide or drag the logs along cleared tracks ; a pair 
uf high wheels also should be used if the ground is not too 
^teep. Logs should also be rounded at their butts when dragged 

slid, as then they do less damage. 

When the ground is not stocked with young growth, there 
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can be no objections to sliding or dragging timber from the 
felling-area. 

iv. Sledging. 

Sledges may be used for clearing the felling-area, and then 
on frozen ground or temporary sledge- roads, as distinguished 
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from permanent sledge-roads, which will be described under 
“Wood-transport.” 

(a) Construction of Sledges.— The mode of construction 
of ordinary wood -sledges may 
be seen from the annexed 
figures, different forms being 
used in various European 
countries and districts, but 
it has not yet been decided 
^vhich is the best form to 
adopt under various circum- 
stances. 

[Two forms of sledge are in 
use in the N.W. Himalayas 
for transport of railway-sleepers 
and firewood, and have proved 
very useful. As the oak run- 
ners of these sledges become I'^.-Moravian short sledge.f 

'vorn, soles also of oak are applied to them.— Tr.] 

hi this sledge, the load rests distinctly od the runuers, and its construction 

' wy simple. 

f f'l this short sledge firewood is placeil between the vertical arms and the 
alwft (a). 
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The requisites for a good sledge are lightness, strength, and 
dimensions allowing for a load which one man can transport, 
(b) Sledging- tracks.— Wherever sledges are used for the 
removal of wood, a serviceable track must be made, which 
differs according as the sledging is done in summer or winter. 
For Nvinter-sledging on fairly level frozen ground slightly 
covered with snow, a path is soon got ready after removing a 
few obstacles.' On slopes, the case is similar, provided there 
are no holes, ravines or slight eminences in the way. Ravines 
and holes may be filled with branches or faggots, or billets of 
firewood may be piled up in them till they are filled. 

The track is then covered with snow, over which the sledge 



Fig. 178. -BaiTow-sle<lgo.* 


passes ; this may be necessary when the wind has blown 
away the snow, whilst in other cases, it may have drifted too 
deeply, and part of it requires removal. In many districts 
woodcutters show considerable ingenuity in constructing 
temporary sledge-roads. (Jnce the rest of the w'ood has 
been removed, the billets on the road are lifted and brought 
down on sledges. 

Whenever the snow is deep, the track must be beaten or 
trodden down. Where the snow on the felling-area is over 
two feet deep, the removal of the wood must be suspended, 
for it costs too much time and trouble to hunt for the pieces, 
and many of them would l)e overlooked. A winter with little 

• The barrow-sledge is much used in the Upper Hchwavzwald, eitlier on 
snow, or along cart-roads. It is, liowever, used chiefly on s|H3cinlly prei'meJ 
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snow is, however, worse than deep snow, for then much time 
is spent in placing snow on the bare parts of the track, or 



Fij^. 174, -Vo?gcs. Summer-sledging. 


preparing an ice-path. Until some snow has fallen, the 
Work of clearing the felling-area must be often suspended. 

Inuring summer, sledging can be done only on sloping 
Rround, and even then is not always practicable; for on 
F.U. T 
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slopes which are otherwise suitable, a sledge -track can often 
be made only with excessive trouble. This is often the case 
on rocky ground, or where the soil is deep. On slopes, how- 
ever, which are covered with dead needles, or moss and 
herbage, sledges may run freely, especially over silver-fir 
and Scotch-pine branches, spruce being not so suitable. If 
then any hollows in thn track are filled with billets covered 
with branches and litter, or a kind of tramway made with 
round billets over the more difficult ground, sledging may be 
effected with great saving of labour, and is consistent with the 
protection of the young growth. It is, liowever, practicable 
for short distances only (Fig, 174). 

(c) The operation of sledging. — In all sledging operations, 
the workman stands in front between the horns of the sledge, 
which he holds in Imlh hands, so as to draw the sledge or stop 
its too rapid progress. 

AVherever the ground is even, or only slightly inclined, tlie 
sledge must be dragged, and the greater the angle of inclina- 
tion, the less this is necessary ; if then the track be smoolli, 
with a gradient of 1 in 20 (5 per cent.), usually the work- 
man has only to guide tlie sledge. As the gradient increases, 
he has to hold the sledge back ; with gradients from 1 in Hi 
to 1 in 12 ((> to 8 per cent.), a man can do this witliout luucli 
difficulty, but with steeper gradients brakes must be used. 
Thus on steep inclines, the W’orkmen have iron spikes attaclied 
to their boots to give them a good hold on the ground, [hi 
the Himalayas, softwood sleepers are used down steep inclines 
for the sledges to run on, and hardwood for low gradients tlie 
pieces being closer together in the latter case, tins with ibe 
use of sand is found better than any brakes. — Tr,] 

Brakes may consist of bundles of faggots in which stones 
are placed which are dragged after the sledge by an iron chain- 
Several such faggots are often linked together, attached by 
short chains close behind the sledge. Bound or split billets 
of wood may serve the purpose, instead of faggots. Hoops 
made of twisted withes may be hung over the horns of tlie 
sledge, and let dowm under the sledge- runners on steep sIopcS) 
thus causing a great increase of friction. The iron hook 
and lever (Fig, 175) is used also in many Alpine sledges 
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as a brake. In Moravia, the very small sledges (Fig, 172) 
support only a small part of the load taken down at once ; the 
rest is fastened in bundles and dragged behind the sledge, so 
as to act as a brake. As the track varies in steepness, occa- 
sionally parts of the load have to be left behind: the man 
takes what he can to the nearest steep part of the track and 
then returns for the rest, he then goes on with tlie whole load 
till he comes to another place where the gradient is insuf- 
ficient, and some again has to be left behitul. Such a mode 



of sledging is most suitable with gradients from 1 in 4, to 
1 in 3, (25—80 per cent,). 

It is evident that besides using some form of brake, the 
workman must use his own strength and press his spiked 
boots into the track at steep places. 

(d) Sledging without a regular track.— Generally, sledging 
except on sledge-tracks, is confined to the transport of fuel or 
charcoal- wood. This is either split and piled transversely 
l)etween the sledge- uprights, or if brought down in round 
pieces often of double the length of the billets, these are 
placed lengthways along the sledge in a pyramidal pile and 
fastened to the sledge by short ropes or thin chains. 

V. Sliding Logs bg means of Ropes. 

Thick ropes, 30—60 feet long and — 2 inches thick, are 

^sed for sliding logs down sufficiently steep inclines. 

Tbe method of attaching rope to the log is shown in Fig. 176, 
a hook may be attached to the rope and inserted into a hole 
cut ill the butt-end of the log. According to the position of 
® fog on the ground, it may be let down with its butt-end 
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or smaller end first. After the rope has been attached to the 
log, it is v’ound once or several times, according to the weight 
of the log and the gradient of the ground, round the stem of 
a neighbouring tree or stump, and let down by gradually 
loosening the rope. It is accompanied by 1 to 3 men, who 
guide it past obstacles, or stop it with the krempe (Fig! 163) 

or lever (Fig. 164) freed 
from the kan ting-hook, and 
direct its course among 
the young growth. Once 
the length of the rope is 
run-out, the log is held 
firmly by the men by 
means of kreinpes, until 
the rope has been wound 
round another tree, and 
the process is repeated 
until the log has reached 
its destination. 

This method is employed extensively in different parts of 
the Black Forest, where np to lOr/.a cubic meter (35 cuhic-fect) 
is paid for the removal of the logs ; tliis expenditure is amply 
covered by the higher i)rice thus secured for the limber. 

[Care must be taken that the rope is not wound round valu- 
able standard trees intended to remain for several ^^earsonthe 
felling-area, as their l)ark is then damaged and unsoiindness 
may ensue. — Tr.] 

(1)) Injurious methods of clearing a Felling-area. 

In the following methods of clearing a felling-area, the wood 
is no longer under the control of the workman, but is left to 
itself while it moves. 

i. Eollinff wood from the Felling-area, 

This is a method of removal only permissible over unstocked 
areas, as in the clear-cutting system with artificial reproduc- 
tion. In such a case it is an expeditious method if the gradients 
are not too great. AVhen the gradient is considerable, it becomes 
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dangerous to human life. In spite of this danger, however, 
workmen prefer it to any other method. 
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river-side. A rolling-road used in New Zealand for Dacrydinm 
mpremnum is shewn in Fig. 177. — Tr.] 

ii. Throwing wood from the Felling ‘area. 

Another method employed for short round butts intended 
subsequently to be split into cordwood, is to throw them down 
hill topsy-turvey from terrace to terrace. A firm surface to 
the ground is necessary, such as snow with a hard frozen 
surface, on which the wood may slide or roll as well as turn 
over. It may also be done in wet weather, but deep snow 
greatly impedes the descent of the logs. 

The lirempe is usefully employed in setting the butts in 
motion. The practice can be employed only over unstoched 
areas. It is rendered more practicable when branch-wood 
from tlie felliiig-area is piled on botli sides of the line selected 
for the descent of the butts, thus l^eeping them well together. 

iii. Sliding timber. 

This is the method of allowing logs and butts to slide down- 
hill by their own weight. Their butt-ends are rounded and 
turned down-liill. Any depressions in the hill-side are speedily 
filled with butts and logs, and tlie workmen try to keep these 
lying parallel to one another in the direction of the greatest 
slope, so as to assist the other logs in sliding over them. 

This method is emjdoyed largely in the Austrian Alps, and 
in Franconia. Wherever on the hi 11- side the gradient of the 
slope is insufiicient for any further chuting of the logs to be 
done, the}" are turned at right-angles to their previous direc- 
tion and rolled by means of the krempe to the next steep slope, 
where sliding can be recommenced. This method is illustrated 
in Figs. 178, 179, the fall in the latter case being from the top 
of the diagram. 

iv. Dry limhei’-rhulH, 

These ^ are narrow ravines among mountains, with steep 
sides, and are barred by means of a horizontal log, behind 
which a number of short, round logs are collected and let loose 
down the ravine by cutting away one end of tlie bar. Tins 
method of removal is employed in the Alps, for short distances, 
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In some cases the bed of the ravine contains a mountain* 
torrent, which may be dammed temporarily until there is a 
sufficient head of water to carry the logs down, when the dam 
is opened. This is termed a wet timber-chute. 

Evidently, wherever timber is left to fall downhill by its own 
weight, and without being under the control of the workmen, 
much breakage and loss of bulk by friction must ensue; so 
that these methods will be adopted only where more careful 
methods are impracticable or too expensive. 

6. Season for Clearmg the Felling-area. 

The season for clearing a felling-area depends on that of 
the felling, and on the mode of removal employed, as well as 
on the subsequent transport of the timber, and the available 
labour-force. 

It is a general rule to clear a felling-area as soon as possible 
after the conversion of the felled material, and bring the latter 
into suitable places for its preservation and seasoning. This 
is especially urgent in coniferous forests, where there is much 
danger from beetles. Eapid removal of the material is also 
necessary on natural regeneration-areas, and other areas stodvcd 
with young growth. The mode of removal employed should 
be considered also, depending as it does chiefly on the con- 
figuration of the ground. In plains and low mountainous 
districts, there is no reason why the removal should not follow 
immediately on the conversion of the wood. In high moun- 
tain-districts, it is frequently necessary to await a fall of snow 
before clearing the felling-area, and all that can be done in 
summer is to convey the wood to the nearest valley, or road, 
and proceed further with it during winter. 

It is evident that the clearance of regenerated areas demands 
the greatest care, especially when long logs are to be removed. 
The spring, just before the buds shoot, is then the best season, 
the young plants being less brittle than in winter, even with 
a moderate snow-covering. If, however, the snow is deep and 
firm, and it is possible to do the work, the clearance should be 
effected in winter. 

The season of removal depends also on the subsequent trans- 
port of the limber. In plains, the duration of frost in winter 
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greatly affects the transport. If the wood has to be floated or 
rafted to any distance, it is often necessary first to allow it to 
become thoroughly dry, especially where the streams are 
shallow; thus years may elapse between the felling and 
the arrival of the wood at the saw-mills, which clearly involves 
great risk to the quality of the timber. In such cases the 
best logs should be removed speedily from the forest to airy 
forest-depots. 

7. General Rules. 

The following general rules apply to clearance of the felling- 
area : — 

(a) All wood should be removed, the sale of which will 
repay the cost of removal ; this may be expected always 
unless prices have gone down most abnormally. 

(b) All wood lying in places inaccessible by carts, such as 
ravines, rocky ground, swamps and steep slopes, should be 
removed. In the case of dead wood, clear-cuttings, thinnings, 
etc., in flat or slightly hilly ground, the material is frequently 
left in silu, to be removed by carts, but even in such cases the 
collection of the wood by the proprietor often increases the 
forest revenue. 

(c) Wherever there is a crop of young growth, as in all 
secondary and selection fellings, <‘xtraetion of standards from 
younger wood and where trap-trees for beetles are felled, the 
wood should be removed at once from the felling-area. If, in 
such cases, the heavier h)gs are not removed at once, as on 
fairly level ground, all the rest of the material and e.speciiilly 
the firewood should be removed as soon as possible by work- 
men under tbe control of the forest-manager. 

Tlie logs left on the felling-area should be raised above the 
ground on pieces of wood and rennjved as soon as possible by 
purchasers. 

(d) The forest-depot and the paths leading to it must be 
selected by the forest-manager before commencing the felli^^![I 
and all wood from the felling-area brought to the depot with- 
out delay. In mountainous districts, where there is scarcity 
of room, vacant sites for stacking timber are provided by 
widening the roads leading downhill at suitable places. 
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(e) The method of removal of the wood to be adopted must 
be prescribed beforehand and adhered to as much as possible. 
All unsilvicultural methods should be avoided, and employed 
only in high mountain -districts, where the timber cannot 
otherwise be removed. 

(f) The greatest care must be taben of the young growth 
^Yllen the wood is being removed, and tracks, along which this 
is permitted, should be selected beforehand by the manager. 
Great care must be taken not to injure the bark of standing 
trees during the removal of the wood, as this frequently causes 
unsound ness and greatly depreciates the future value of these 
trees. 

On fairly level ground, if there is no snow, the heavier 
material should be removed by means of horses and a pair 
of wheels, especially through young coniferous growth. On 
slopes, the groups of young growth should be surrounded by 
heaps of branches to protect them. Timber may be removed 
across natural regeneration-areas without any serious damage, 
but this is undesirable iii the case of artificial plantations. 

(g) The wood should be removed in assortments, and then 
stacked at the forest-depot. Care should he taken to economise 
space in the latter, and that the piles of material on hillsides 
arc stable. [In some cases terraces must be carefully made 
for locating the stacks. — Tr.] All small timber should be 
piled in hundreds or fifties, and butts and logs in lots of five, 
ten or more. Heavier pieces which would otherwise remain 
some time on damp ground should, as soon as possible, be 
raised on supports above the ground. 

(li) Each party of woodcutters must remove and pile its own 
wood separately from that of other parties, in order to facilitate 
payment for the work. 

(i.) Beinoval from the felling- area and transport to the sale- 
depot are frequently done simultaneously ; in such cases the 
work may be entrusted to a contractor under strict rules to 
prevent damage. 

It often happens in the plains, in the case of clear-fellings, 
that great numbers of logs have to be removed, and sometimes 
may be done best by means of contractors’ horses, 
^^ules, or bullocks. In high mo an tain -regions, removal and 
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transport are done ■ generally by contract [as in Indian fuel- 
forests— Tr.]. 


Section YIII. — Sorting the Converted Material and 
Fixing the Sale-Lots. 

The first rough sorting of the material from the felling-area 
is done when the workmen bring the pieces to the forest- 
depot, and this classification will hold for all the heavier 
pieces, logs, butts, etc., which cannot be moved about in the 
depot. The men therefore must take the greatest care to 
arrange these pieces properly, once for all. Pieces, however, 
which can be moved easily by the men, may be arranged some- 
what more carefully at the depot itself ; this refers chiefly 
to firewood and small timber. Every kind of material is 
arranged in small lots, which can be measured easily and their 
value estimated. This arrangement should be commenced as 
soon as sufficient stuff has come down from the felling-area, 
and continued part passa with the conversion and clearance 
of the latter, so that it may terminate immediately after the 
felling-area has been cleared. 

The sale-lots may be either in separate pieces, by numbers 
of pieces, or in stacked volumes. 


1. Single Pieces foyndufj a Lot. 

All large pieces, such as logs and butts, are measured 
separately, and even if several such i)ieces are sold together, 
the rule is to estimate the value of each piece separately. 

In the case of broadleaved timber, hardly any two logs or 
butts are alike, and each piece should be sold separately. Coni- 
ferous pieces, on the contrary, are far more regular in quality, 
form and dimensions, especially the butts intended for siuv- 
mills ; a moderate number of similar pieces may therefore be 
arranged in a lot. Places in which they are to be arranged 
should therefore be shown to the woodcutters before any wood 
has come down to the depot. 

In forests subject to inundations, logs should be secured with 
cords or wire to posts driven into the ground. 
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2. A Number of Pieces forming a Lot, 

All inferior timber, such as poles, etc., which resemble one 
another sufficiently, should be placed in lots of 25, 50 or 100. 
A lot of hop-poles or bean-sticks of first or second quality is 
arranged easily, an average piece of each kind being selected 
to guide the workman. Assortments of small timber should 
be arranged therefore in the depot, in classes and sub-classes. 
This work will be done the more easily if the woodcutters sort 
them carefully during the clearance of the felling-area. It is 
everywhere customary to place small poles and saplings in 
hundreds, and the larger kinds, and those for which there is 
only a moderate 
demand, such as 
scaffolding -poles, 
ladder- wood, cart- 
poles, etc., may be 
placed in fifties or 
quarter hundreds. 

They should be 
placed with their 
thick ends to- 
wards the road 
between stakes 
driven into the ground. The smaller kinds— bean-sticks, 
hurdle-wood, etc. — may be fastened together in lots of ‘25. 
Poles may be arranged conveniently by tens, a small rod 
being placed under the thick ends of each ten poles, in order 
to facilitate removal (Fig. 180). 



3. Slacked ]Vood. 

All firewood, and as a rule all branch- wood, cloven- wood, or 
fascines, sliould be measured by stacked volume, and therefore 
piled in regular stacks ; a much more difficult matter than 
the simple one of piling poles, and it must be described in 
detail. 

(a) Shape and Size of the Stacks,— The stacks of firewood, 
billets, etc,, are usually rectangular parallelepipeds, of different 
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dimensions in different countries ; in Germany, Switzerland, 
Austria, France and Italy the unit is generally a stacked cubic 
meter {Raimmeter in German, or stere in French*). 

It is, however, usual, even when the wood is measured in 
stacked cubic meters, to place three or four stores of wood in a 
stack approaching in volume to the old customary measures; 
the usual number is then 3 stores, but 1 and 2 stores are 
sometimes employed. The normal length of the billets 
in a stack is 1 meter, but especially in the case of cloven 
timber this may be varied. The length of the pieces is 
considered as the width of the stack, and its other dimensions 
are termed length and height. Thus, for 1 meter of width, 
have for 


Metei's. Metei's. 

4 stei-esi *’'8^ 

' 2 „ 2 „ 

q ( 3 „ 1 „ 

”12 1'50 „ 

2 1 ^ 1 >> 

” I 1*6 „ 1-25 „ 

1 n 1 „ 1 „ 


[In the fuel supplied to the British army at Chakrata in North- 
ern India, the stacks are 21 feet long x 5^ feet high and 2 feet 
wide ; this is supposed to contain 200 cubic feet, 1 foot in 
length and | foot in lioiglit being allowed for shrinkage.— Tr.J 
The stacks should not he too high, especially on sloping 
ground and with coarse split roots or lieavy wood, and usually 
the height should not exceed iy feet ; liigh stacks only increase 
labour and are liable to fall. 

The usual size of brush wood -faggots is, with the exception 
of fascines, of the same girth and length as an ordinary split 
billet. 


(b) Site for Stacks.— In selecting the site of a stack, damp 
places must be avoided ; a ridge is preferable, if available. 

As a rule, tw'o sufficiently long stakes are driven vertically 


• [In France, tho ordinary coni ff. x ft. x 2 ^ ft. = ’1 sterns, 
french foot — 1 ft. in., measure). In England, the cord is cither 

216 c, feet = 12' x 6' x S' and is then c-illcd a fathom and nearly = fislei'cs* 
or 108 c, feel - 3 stores, or 72 c, feet - 2 stores, as in Aincrica.— Tr.] 
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into the ground at the same distance apart as the length of the 
stack. In order to hold the pile of wood firmly it is better to 
have at each end of the stack two stakes, which must be strong 
and driven by mallets deeply enough into holes made in the 
ground by crowbars. Opposite stakes may be tied by withes 
or strings, passing through the piled wood to prevent it from 
forcing them apart, or side- supports may be applied to the 
stakes. 

On an incline, the distance between the stakes must be 
measured horizontally, and the top of the stack sliould be 
parallel to the incline. It is better not to substitute a standing 
tree for one pair of the stakes, as the roots will prevent there 



Stackin" firewood. 

beuig a level base for the stack, and irregularities in the 
height of the latter may follow'. 

(c) Stacking the Wood, —The W'orkman should pack the 
wood as closely as possible. The base of the stack (Fig. 18 * 2 ) is 
made by laying several })ieces lengthwise on the ground on 
which the rest of the wood is piled transversely ; this precau- 
1011 should be adopted wlieiiever the wood has to remain for 
ong time on w^et ground, otherwise the low’est billets may be 
weed into the ground and rot. On dry, firm soil, this arrange- 
Ji^ont may be dispensed with ; the largest billets are then placed 
J^ansversely, with their curved sides downwards, directly on 
0 giound (Fig, 181 ), and the stack is completed with wood of 
same pality, the larger pieces being always piled first fo 
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ensure stability : at the same time, the men should pile the 
wood in such a way as to keep the top of the stack continually 
horizontal. 

In order to pile the stacks closely, and also to protect the 
wood as much as possible from rain, it is better to place the 
curved sides of the billets above and their points downwards 
(Figs. 181 and 182), except in the lowest row. The front 
surface of the stack also should be quite level and vertical, and 
as the billets are of different thickness at the two ends, they 
should be placed alternately with their thick and thin ends at 
either face of the stack. The first cord binding the stakes 
should be placed at a height of 1^ feet (half a meter), and the 
second at 3 to 4 feet (1 to IJ meters). 

Stacking stump-wood is most difficult, as the shape of the 
pieces is so variable. Split pieces of small stumps are placed in 
the ordinary direction, but the larger pieces have to be arranged 
according to the skill of the operator, so as to fit in with the 
others. Spaces that cannot be otherwise stacked should be filled 
inwifcli broken pieces and small roots, but round pieces should 
not be used for this purpose ; a stack of stump-wood should 
contain nothing but pieces of stumps and roots. 

When the workman has raised the stack to nearly its proper 
height, he should measure it carefully so that the proper 
height may be attained, but not exceeded. To ensure this, 
it is often necessary to finish the top of a stack of split billets 
with a layer of round ones. 

Stacks should, if possible, be placed alongside one another 
in long connected rows. This economises space and secures 
the stacks from being overturned. In case the firewood has 
to remain over winter in the forest, the long stacks are, if 
possible, placed in parallel rows, with intervals between them 
narrower than the length of the billets, and the topmost 
pieces are arranged to form a complete roof over all the 
stacks. 

(c) Shrinkage. — As green stacked wood shrinks while dry- 
ing, and if not removed for some time will lose its bark, m 
many countries, such as Bavaria, Switzerland, etc., it has 
become customary to increase the height of the stacks, so as 
to allow for shrinkage. In Prussia and other Germmi 
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countries, this is done only when there is a long interval 
between the stacking and the sale of the firewood, but in 
^Vurlembei’g and Hesse no excess height is allowed. 

This excess height is as follows in different countries 

Prussia ^j^th of the regular height. 

Bavaria j^^th „ „ 

Switzerland -^^^th „ ,, 

Considering that the shrinkage of the billets docs not 
dei>reciate the heating-power of the wood and that its total 
iiiiiount varies greatly according to circumstances, such as the 
interval between stacking and sale, the species of wood, the 
position of the stack, the degree of splitting, etc., and that no 
excess is allowed for shrinkage in the case of timber, it is 
lulvisable not to allow for it in firewood except where legal 
rights to that effect have arisen. It has also been proved by 
Bblimerle* that there is scarcely any change after a year in 
tliG height of a stack of firewood, as warping counteracts the 
siu'iukage, so that according to his experiments, its height 
decreases only by about an inch in a year. 

(dj Stacks of Cloven Timber.-- In stacking cloven timber, 
gieafc care must be taken to separate the better kinds from 
iufenur timber, and not to suffer any unsound or knotty wood 
111 a stack. In the case of oak wood, all sound split pieces 
must be included in stacks of cloven timber, and oak-firewood 
stacks should not contain a single soimd piece which can be 
chiHswl as timber. 

deviations from this rule are justifiable only where there is 
uo dciiiand for inferior classes of cloven wood. In the 
bavarian Porest, the detailed assorting of coniferous cloven 
timber is done partly during the floating, the Hoating work- 
.selecting from out of the water the good pieces, that are 
tised for sieve-frames, match-wood, etc. The employees, who 
me sworn to deal fairly, stack this wood on the bank and value 
a as timber. 

(|i) Stacking Faggots.— Faggots are collected into piles 
25, or a multiple of 25 faggots. They are 

^ ^^tuotimes horizontally, but keep much better standing, 

t'.u. 


• “ Das waldtrockiio Hoi/., ’ Viomia, l)S7!i, 
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three faggots being laid in a pyramid and all the others placed 
leaning against them. 

■\Yhen faggots are not prepared, the bmncliwood is generally 

piled in heaps, 
and may be cut 
into equal lengths 
for this i}urpo.st}. 
Sometimes it is 
piled, as sho^vii 
in Fig. 183, and 
tied roughly in 
bundles to facili- 
tate transport. 

(f) Special men 

employed.— Ordinary woodcutters are not allowed to stack 
firewood, as in their own interest they would make as imich 
of it as possible. Special men are therefore employed, who 
are well known to the forest-manager and are sworn in to he 
faithful. They should pile the wood prei)ared by each party 
of woodcutters separately, so that their earnings may be 
calculated. 

3. J^rotectinij Uia Forc^it-Depot. 

The supervision and guard over the material at the depot h 
facilitated greatly if it he arranged according to an easily recog- 
nised plan, it must be placed so that the purchaser’s carts can 
approach eacli lot as nearly as possible. This is more easily 
attained when the conversion and sale of the timber precede that 
of the firewood, and tlien the billets may be stacked in long 
rows along the roads or rides, witli the faggots behind Ihein. 

As a rulcjthomodeof arrangement of the depot depends cliielly 
on the area available, hut the forest-manager should always 
endeavour, like a trader, to secure a good display of his wai'os- 

AVhen Die last firewood stack is ready, and the felling is 
thus completed, all chips, broken pieces and other waste 
material may be collected and distributed among the wooil* 
cutters. In certain localities, the twigs and branch wood may 
be spread over the area, cither as in the Alps to protect the 
young growth against cattle, or as in jhumst to facilitate the 
burning of the surface before sowing an agricultural crop. 
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Section IX.~Kstoiating the Yield. 

1. Nunibei'liKj the Ijits, 

As soon as the felling operations are over, tiie amount of 
imiterial produced must b(3 calculated and its value estimated. 
If tlie clearance of the area and the transport are carried 
on simultaneously, amt the wood is removed a considerable 
distance from the felling-area to valleys or rafting stations and 
collected tliere, the estimation is effected at these places, and 
in the case of siiiiinier fellings often not till the following 
spring. 

Each log or butt, eacli pile of 100, 50 or 25 poles, etc., 
each stack of firewood, and every 25 faggots, form the several 
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lots. Current numhors are, therefore, affixed to each separate 
lot, to distinguish them from one another. 

In order to render the control of tiuibeL*-e.xport effective, it is 
better that one series of numbers should serve for a whole 
forest-rauge, or for a group of fellings the produce of which 
passes in a certain direction. Jii order, however, to obviate 
the inconvenience of using very high numbers, each class and 
sub-class of produce is numbered separately, so that there are 
Several series of numbers each beginning with No, 1, for 
the logs, butts, hundreds of poles, stacked wood or faggots. In 
th'ussia and some otiier countries, each species of wood, such 
as beech -logs, oak- logs, etc., receive different series of numbers, 
numbering may be don« by hand, or by means of a piece 
softwood charcoal, a red pencil or by Faber’s numbering 
the marks of which last for two years, A paint brush and 
black oil-paint also may be used with or without stencil-plates, 
steel dies have been invented, of which Gbhler’s 

0 2 
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revolving die-liammer (Fig. 184) is most effective und is 
now extensively used. According to E. Hess, it is less 
laborious to number the lots by hand, but the figures im- 
pressed by the apparatus are more durable and legible, and 
with Gohler’s revolving hammer, used with both hands and 
marking the figures horizontally, 2,000 to 3,000 logs may be 
numbered in a day. Another revolving hammer by 8edehnayr, 
somewhat heavier than that by Gohlcr, is shown in Fig 185. 
This marks the figures vertically on the log. 

Logs and blocks are numbered usually at their ends ; in the 
case of split wood, one large billet is pulled forward from the 
stack to receive the number ; stacks of poles and smaller 



Fig. ISj. — S eJclmayr'ti uumlxM'iDg liaiiiniur. 


produce and faggots are numbered on a stake driven into the 
ground in fj ont of the stack. The numbers should be always 
plainly visible from a road and so arranged consecutively, 
that any numbered lot may be readily found. Tlie ninuher- 
ing must be done as soon as work on the felliug-area is over. 

After completing the numbering, the estimation of materiai 
is made, the forest-manager entering each numbered lot with 
notes as to its quality in his range timber receipt-book. 

It is usual to have separate books for timl>er and firewiiod 
The range tiinher receij>t-hook should contain the folio wijig 
columns for each assortment of produce : — 


.\m. tii' 

tul. 




(Jill)ic 


ClahS. 
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In the remarks column, entries may be made as to where 
the lot is situated, for instance, on the upper, middle or lower 
I’oad, through the depot, or felling-area. 

The numbering book for firewood should run as follows : — 

I X(|. oflot. i .S|H‘Cip.s. t Ol.ass. j Oiiality. yitfinlity. 

^ "I "■■■■ i "i 

i ! ■ I ■ 


I i 

I ! 


2. Kstiwathuf the Qnantitif of Produce. 

The quantity of produce from a felling-area may be 
estimated in different ways, according to the cubic contents, 
or dimensions of the lots. 

(a) Each Lot a Separate Piece. — When each lot is formed 
hy a separate piece, the volume of the pieces must be 
estimated separately, either ])y calculating tiieir cnhic eontente, 
or their dimensions. 


i. Cuhie Coufenh. 

In Germany, France, and some other countries, the cubic 
contents of timber are ahvays measured hy the cubic meter, 
blit in Fngland, India ami North America hy the cubic foot. 
Without complicating the procedure liy considering logs as 
tnincatod paraboloids, the simple metliod i.s adopted alw^ays 
ol multiplying tlic sectional area at the middle of the log hy 
ds length. The cubic contents alone, however, are no exact 
indication of the value of a log, its length and thickness and 
tbe diameter of its smaller end must he also given. 

It is customary on the continent of Europe to measure the 
length of logs in meters, and even decimeters (m. 0'2, 0 4, 0‘(), 
; the diameter in centimeters, and the cubic contents in 
^iibie meters to two decimal places. 

[In Finglish measure, the length of logs is given in feet ; the 
‘^bimeter, or quarter-girth, in indies, and tiie volume in cubic 
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feet without fractions. Squared balhs of valuable wood like 
mahogany are, however, sold by the superficial foot. — Tr.J 

Whether timber should be measured with or without hark 
depends on local custom. In the case of winter-fellings, tho 
bark is included, and wherever summer-felled or other peeled 
wood is measured, 12 to 15 per cent, is added to the cubic con- 
tents to allo\Y for tho absent bark. This is done because the 
yield of the forests in the working- plan is estimated with the 
bark on the trees, hut the German timber-trade is most 
anxious that bark should not be included, and this method 
Gayer strongly recommends for adoption everywhere in the 
interests of uniformity. 

A universal system of measuring timber without bark pre- 
supposes that the l)arlc of logs is removed at tho measuring 
point, and that no siddition is made for peeled wood. In the 
case of coniferous logs, the difference in diameter between 
harked and unharked trees is ^ inch on the average, some- 
what more in the case of pines, and for logs under 10 inches 
in diameter, less than J inch. 

In the case of roughly harked liroadleaved trees, such as osik 
and ash, the hark is 12 to 15 per cent, of the total vohnne; 
in the elm, up to 18 per cent, and more; the lurch 11 per 
cent.; the Scotch pine, 11 to 15 per cent.; spruce logs and 
blocks, 12 to 13 per cent. ; silver-fir ditto, 17 per cent, and 
more. It should he noted that on good soil with a dense 
growth, the bark is least, whilst in unfavouralde localities and 
0 ])en woods it is at a maximum. 

Whenever steins are sold at their full length, the measm’fi- 
ment for limber stops naturally where the small end liccomes 
less than tbe minimum in ti!n])er-clnsses, .and the rest of 
log can ho measured only as firewood. 


ii. Mmanrfmpnfx arrorflwf/ fo Dimcfisions. 

In some localities, where there is an extensive trade in logs, 
it has he(jn for a long time customary to arrange them I'l 
classes which do not depend on their eiihic contents. Tims, 
for each class {JlitlhhukrJufJz, etc., of the Black Forest), a kg 
of average dimensions is assumed as a standard and by 
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value that of all other logs in the class is regulated, according 
to variations in length and thickness at the butt-end. 

In the Kinzigtal of the Black Forest, which has been 
renowned for centuries for its fine logs, a silver-fir log 20 
meters (65 feet) long and 46 centimeters (18 inches) at the 
butt-end, is considered the standard. 

In many regions of the Southern Alps, in the same way, 
butts 12—15 inches in largest diameter are considered 
standards. Thus traders speak of 2 pieces of 10—12 inches, 
4 of 8 10 inches, 8 of 6—8 inches as equivalent to a standard, 
whilst butts of 15 — 18 inches are considered equivalent to H, 
and larger butts to 2 standards. A similar custom prevails in 
Norway where a standard contains about 2J tons of timber."^ 

It is clear that such a method greatly facilitates trading, for 
the price of each class is a multiple or part of that of the 
standard log and rises and falls with it. At the same time it 
is much simpler to calculate prices by the cubic contents, than 
where a few millimeters in the diameter of the butt give rise 
to a considerable difference in prices. Besides, it is evident 
that traders must have experience in the method before they 
can understand all its refinements thoroughly, and tliis gives 
local traders a considerable advantage over \vonld-be com- 
petitors from a distance. This naturally reduces competition 
and prices. Hence the method is falling into disrepute, and 
will probably bo replaced gradually by that which employs 
the cubic contents. 

(b) Piled Lots. — With the understanding that poles and other 
small classes have been duly placed in lots, all that has to be 
done here is to count the numbers of lots of each class and enter 
them in the book. They arc reckoned also in cubic meters. 

When for instance the forest-manager enters half a hundred 
second-class hop-poles in his book, their volume is knowTi, 
for from the class-tariff the dimensions of a second-class hop- 
pole are known and therefore how many such liop-poles go to 
a cubic meter. 

Ihe cubic contents of poles is measured in the same way 
^8 for logs, but evidently this need be done only in a few cases 

Bn Ihc tinUxT-tradc, stjuulavds ustiallv vnpvosont idauks. Ibus Uie Loiulou 
is 120 X 12 ft. a in. x 0 in. dcab.-Tr. j 
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to determine the average, or experimental tables may be 
referred to for the purpose. It is to be regretted that there ig 
little general agreement as to the class dimensions of poles, 
and the volumes of different lots are in a state of chaos. 

(e) Stacked Wood.— In estimating the quantity of stacked 
wood and faggots, all that has to be done is to count the 
number of units of recognised dimensions and enter them in 
the book, and as the stacks are usually 1, 2, 8 or rarely 4 
stacked cubic meters, this is a very simple affair. At the 
same time, the dimensions of the stacks as to height and 
breadth should lie checked, here and there, by actual measnrfi- 
ment. The depth is the actual length of the billets, the 
correctness of which should be seen to carefully during the 
conversion. The stacks must be piled also as rleiisely as 
possilde ; badly piled stacks should be upset and piled again. 
The length and girth of the faggots should be checked at the 
same time, and the number of faggots entered in the ))ook. 

3. Efitimatinf} ihc Quality of the Produce, 

This includes all the points already referred to, sucdi ns 
species, grain, and customs of the market. The speoirs 
should bo entered always in the range receipt-book, hut 1o 
enter the other points would lead the manager too far into 
detail. Taken altogether, however, they enable the forest 
manager to decide on the quality of the produce and be uill 
pay the more attention to these points, the more valuable eadi 
lot is likely to be. 

As already stated, the greatest attention should he paid to 
the quality of the oak -timber and to logs of spruce and silver- 
fir, which have far to go to reach their ultimate destination. 
In the interests of trade, it is desirable that such wood slioiiW 
be perfectly sound at least when handed over by the forester to 
the tiinber-Mierchant. 

4. Valuation. 

As soon as the quantity of the produce of the felling has all 
))een entered, and the manager has become acquainted witk 
the quality of each lot, he sbould proceed to put an estiiniiip^l 
price on the lots, in accordance with the latest information ke 
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has acquired regarding local demands. The sale-price which 
the produce will realise often depends greatly on the fact that 
a proper valuation of it has been made before the sale by the 

foresfinanager. 

In order to arrive at such a result, he must be acquainted 
thoroughly with the actual state of the market, and with the 
technical qualities and defects of his wood, and the purposes 
for which it is likely to be employed. 

The manager should bestow the greater care on the classi- 
fication of his produce, the more valuable it is, and when full- 
617 , ed logs of good timber are included, a rough estimate of 
their value will not suffice. In such cases, the entire log 
should be valued in length sections in accordance with the 
uses to which it may he put. As each piece or lot is valued, 
it should be stamped with the range-hammer, generally close 
to the number it already l^ears. This denotes that the wood 
has been entered in the range receipt-book and is useful in the 
control of the transport or in possible eases of peculation. 

Section X. — CoNCLimiNfi the Business of Felling and 
Conversion, 

As soon as the range receipt-book has been writ ten -up, the 
protluee of the felling must he tabulated to show' its value, then 
the depot should be inspected, the workmen paid, and thus 
the wliole business concluded. 

1. llegkiry of the Amount and Value of the Yield from 
the, Fellinr!. 

The results of the felling, as showm in serial numbers in 
tlie range receipt-books, must be entered in tlie felling- 
register, which summarises the total amount of produce of 
each class of material and its value. Tlie prices of the units 
of eucli class of produce should he average local prices, and 
generally are kept up to date separately for each range and 
sometimes termed timber-royalties (Jlohta.ren), 

At the same time, the produce may ho marked for sale in 
lots w’hich as already stated should he larger or smaller, 
accovdijjg to the circumstances of the market fide, p. 24‘2). 
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As these prices, or royalties, are fixed by units — at so inucli 
a eubie meter or cubic foot, per log, per hundred poles, etc., per 
stacked cubic meter, 100 stacked cubic feet, cord or 100 
faggots — all that has to be done is to multiply the number of 
units in each class by the price of a unit. 

The felling-register usnally contains a summary of the 
whole produce of the felling, and for this the cubic m^ter is 
used generally throughout Germany, France, Austria-Hungary 
and Switzerland. 

There is no difficulty in calculating the cubic contents of all 
the timber and poles, and certain reducing factors establislied 
by experiment are used to transform all the stacked volume of 
the firewood, faggots, etc., from stacked to solid measure. 

The following average reducing- factors were determined by 
measurements made in Austria, for pieces one meter long 



ITardwuml. 

Soft wodiL 

Staclced timber . 

•73 

•77 

Split firewood 1st class . 

. *07 

•08 

,, 2nd class 

•03 

•05 

„ 3rd class (knotty wood) *58 

— 

Round billets 

•57 

•04 

Ditto small 

. *44 

■50 

Root and stump-wood 

■40 

•47 

100 Faggots .... 

. 1*61 

1-05 


Beech, [ash, sycamore.— Tr.] hornbeam and oak are classed 
as hardwoods; alder, l)irch, aspen, spruce, silver-fir, larch, 
Hoots and Austrian pines as softwoods. 

2. Rerisioii of the Record. 

On completion of the felling- register, or before it is written 
up from the range timber receipt-book, the record of the produce 
of a felling may be revised by a superior forest official. This 
should 1)6 done carefully in the case of valuable timber, hut is 
hardly necessary for firewood. 


3. Pfnjine7it of the JVoodcutiers. 

As soon as the full statement of the produce from thefelliRb 
area has been prepared, there can he no difficulty in settling 
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aecountis with tho woodcntters ; for by mnitiplying the con- 
tracted rates of pay per unit of produce by the quantity of 
material, the total amount due to them is easily calculated. 
Owing, however, to the generally impecunious condition of the 
men, it is usual from time to time to pay them advances in 
respect of work done ; generally these are made every fortnight, 
or weekly. The sums paid should be proportional to the work 
(lone by the men, that always can be calculated roughly. In 
order to prevent the risk of over-payment and keep the men 
at the work, about one quarter of their earnings is kept back 
till the whole work is done ; then tho balance is paid to tho men 
after deducting all their advances from the total amount due 
for the work. 

It is generally the duty of the foreman to draw the payment 
from tho forest cashier, and distribute it among the different 
])arties of woodcutters. Wherever the work has been given 
to a contractor, he will be paid for it in full. 

To attempt to pay ready money for the whole work during 
its progress, as portions of the wood are felled, converted and 
placed in the depot, is only to introduce complications and 
unnecessary trouble into the business. 
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CHAPTER III. 

WOOD TRANSPORT BY LAND. 

Intkoduction. 

The largfisii forest areas are found generally in thmly-poim- 
lated remote districts, and the forest-owner must, therefore, in 
such cases, expect only a limited demand for the products of 
his forests unless he can improve tlie means of commnnicatii)n 
between them aiid distant markets. The forest-owner often 
undertakes the transport of his own wood, sometimes directly 
to the tindier-market, or to a place where existing means of 
communication are good enough for no farther trouble in this 
respect on his part to ho necessary. If, however, the trans- 
port of the timber is undertaken by agency independent of 
the forest-owner, the latter should endeavour to improve 
the means of communication between bis forests and the 
markets, so that wood may be conveyed as cheaply as 
possible. 

The great improvement during the present century in com- 
munications, and especially by means of railroads, tends more 
and more to reduce the cost of carriage, wliicli is a vital ques- 
tion in forestry. It is therefore necessary to connect the 
forests with the general lines of land and water comnmnica' 
tion, in order to get full value for forest produce, and especi- 
ally for the better classes of timber. Althougli the foia'st- 
owner has to face greater difficiillies in this respect than any 
other large producer, yet recently nowliere has greater energy 
been shown than in improving forest communications. 

Wood-transport, therefore, means the conveyance of 
wood to the more or less remote markets or depots by means 
of more or less permanent routes. Transport is thus ihs- 
tinguisheci, by the greater distance over which it acts and 
the more permanent nature of the routes employed, froin 
clearance of tho felling-area, although both these mcasnrcH 
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ircquently coalesce, and cannot be sliarply distinguished from 
OHO another. 

The transport of wood is distinguished as transport by land 
;uid transport by water, a short account of each of which will be 
given ; the values of the different methods described will then 
be compaj-ed, and permanent timber-depots will be described, 
la the present book, full details as regards the construction 
of the different means of communication will not be given, and 
tliey will be described only in a general way. 

This chapter deals in detail with land-transport only, the 
different means of land-transport for forest produce being 
forest - roads, timber - slides, forest - tramways and wire- 
tramways. 


Section L — Foeest-koads.^ 

A. CoNSTliUCTJON AND MAINTENANCE. 

(a) General Account.— Forest-roads are undoubtedly the 
best means of land-transport for forest material, and good 
forest management must attend strictly to the necessity for 
iiitoisecting forests with good roads. The chief reason for the 
preference of roads to other modes of timber- transport depends 
on their superior durability. 

Forest-roads are constructed not only in plains, hills and 
low mountainous districts, but even in high mountahi-ranges, 
and are being extended constantly to the less accessible forests 
Jff high altitudes. 

(b) Network of Eoads for a Forest,— In constructing 
forost-roads it is absolutely necessary to proceed according to 

well-considered plan, forming a network of roads tbrougli- 
out a forest range or a separate forest. The planning of this 
i'oad-iietwork should contemplate not only present demands 
also those of the future, and thus consider parts. of the 
forest which will be worked at some future time, 
riie road-network therefore should be projected and planned 
the whole forest, though it may be necessary at present 

' lS7;b also hy SUHzer, ‘M'd od., 

Winiinenuacr, Dolzel, \m. Marcliet, 18IIS. V, G, llogci-s, 

Engiuceiiiig in India,*’ Caltiulta, IDUO, 3 vols. Matlicy, oj/. rit. 
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to construct only certain parts of it. The other parts of tlie 
network will be constructed, seriatim, as the working of the 
forest proceeds, and by the end of a forest rotation, the 
whole projected network will be completed. It is, however, 
indispensable to take in hand the roads for certain forest 
compartments several years before the regular course oi 
fellings reaches them, so that they may be ready in time. It 
is especially necessary in mountain-forests, where road-making 
is moat dillicult and expensive, that the plan for the network 
of roads should be thoroughly well devised. In the case of 
forests in plains, it may be permissible to construct temporary 
roads, which are allowed to fall into disrepair when all the 
material for which they were constructed has been transported. 
This is not sufficient for mountain-forests, where all roads 
made should be kept in constant repair. 

The main roads should run through the heart of the forests, 
and be so directed that they lead to other public roads in 
direct comnuinication with timber-markets, or to railroads or 
streams serving for water-transport. The forest- roads are 
themselves often public roadways. Subsidiary roads branch- 
off from the main roads into the forest, and may serve as means 
of transport from all parts of it. In tracing subsidiary roads, 
the forester always must keep in view the fact that each of 
them should serve several compartments of the forest, and 
therefore should cut right through the felling-areas or adjoin 
them, or be connected with them by smaller bifurcations. 

The principal forest-road usually follows a valley leading 
towards tlie timber-market ; it either reaches this valley within 
the limits of the forest, or keeping more to the high and less 
broken ground descends to it outside the forest. The main 
roads should be arranged so as to connect the market with all 
parts of the forest, by means of the subsidiary roads, without 
its l>eing necessary for the latter to make any long ascent to 
reach them. 

In level and slightly undulating ground, every forest 
boundary-line and every forest- ride may serve as a subsidiary 
road. In mountainous forests, however, the roads, descending 
in long curves from the heights to the cJjief line of coin- 
municatiuii below, pass repeatedly through the compartments; 



FOBEST-ROADS. 


303 


or roads at different altitudes are connected by means of 
slides, which are often necessary where the mountain -slopes 
are steep. The subsidiary roads may he traced also along the 
narrow side-valleys of the higher mountain-ridges^ into which 
the wood is brought from both sides. In such cases the roads 
must wind round every intervening spur or rock in order to 
communicate with the felling- areas, 

111 the case of an extensive tract of woodland belonging to 
one owner there is little difficulty in laying out a network of 
roads, hut where the properties are subdivided among several 
owners, or where the forest surrounds other property, there 
are often serious obstacles to be dealt with. Old roads which 
one is loath to abandon are often sources of difficulty. It may 
also be the outlets from the forest where difficulties arise, 
when the fields beyond it that should be traversed by well- 
constructed forest-roads belong to poor or obstinate village 
communities, or to private owners. 

As regards the kinds of road to be constructed, a distinction 
may be made between earth-roads, paved-roads or chauss^es, 
and roads chiefly made of wood. 

(c) Earth-roads.— In earth-roads no material is used but 
that found in the immediate neighbourhood of the road. In 
the plains the road is lined-out, roots of trees extracted and 
removed, ditches dug to serve as road-boundaries and for 
drainage, and the material from the ditches placed on the 
surface of the road to give it the requisite curvature. 

In mountainous forests a horizontal basis must first be 
given to the road by excavating the slope above its axis and 
throwing the material below it. Wherever the slopes are very 
steep, retaining-walls of either stone or wood must be con- 
structed below the road ; in such cases the stones necessary 
lor this purpose are nearly always available alongside the 
road, and with them dry masonry retaining-walls may be 
constructed; only exceptionally should wood, which is so 
perishable, be used for this purpose. 

Earth-roads may be improved considerably if they pass 
over clay or limestone, by strewing the cart-track with small 
broken stones, sand or gravel, or by putting on a layer of clay 
d the soil is too loose. Whenever roads are much used this 
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must be done if they are to be at all permanent. If, instefid 
of merely spreading stones on the surface, the cart-track is 
covered to a depth of 8 to 1‘2 inches with broken stones which 
are \Yell rammed down, tlie road is said to be macadamised. 

In constructing forest-roads the greatest attention must be 
paid to drainage, and this is of the highest importance in 
plains and on peaty soil. In hill-roads, drainage is generally 
secured by their sloping nature, especially on sunny aspects. 
In order to drain roads on north and east aspects and on level 
ground, side-drains must be kept open and the surface of tlie 
road suitably curved. The road also must be raised above 
the ordinary ground -level and well aerated by keeping it free 
from over-lianging trees [although it is well-known that road- 
side avenues are highly efficient drainers when the trees are 
not too near the cart-track and are properly pruned*— Tr.J. 
Wliere sufficient fall cannot he given to the side-drains, and 
stone is not available, as in depressions on the plains, in 
alder- woods, etc., every means should be taken for raising the 
level of the road, and the ditches kei)t at some distance from 
it so that the water in tliem may not permeate into the ruail 
and make it soft. The draught of air is increased by keeping 
the road straight, clearing broad road-sidings through the 
forest and cutting away all overhanging trees. 

Macadamised roads have the great advantage over paved 
roads, especially \Yhen gravel and small stones are at hand, uf 
being not only cheaper but actually easier for traffic than the 
latter, except wlicn very carefully cojistructed. 

(d) Paved Roads. — Paved roads are distinguislied hoai 
ordinary roads by their greater width and tlje greater alLun- 
lion paid to the gradient, hut especially Ijy the care with 
whicli they are metalled. The cart-track in them is excavaled, 
lined with stones or cement, and coarse broken stones are 
then spread on the surface and rolled down firmly. Seveial 
other layers of stones are then superposed, each layer con- 
sisting of finer material than the one below it. It is ahvaji’ 
better to use broken stone, which packs better than round 
pebbles. Each separate layer is rolled and firmly pressed 
down. The more gradual the change of size in the material 
used for successive layers of metalling, the more durable th** 
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roadway will be. If small stones are placed directly on a 
coarse basis, the road soon becomes worse than the simplest 
macadamised road ; the coarse stones from below work their 
way through to the surface, rendering it uneven, and forming 
holes into which material placed to mend the road soon sinks. 
As these paved roads everywhere must be constructed strongly, 
the retaining walls, culverts, bridges, etc., are much more 
elaborate than on ordinary roads ; frequently solid masonry- 
vevetments are applied to the steep slopes above them in order 
to prevent landslips, and in any case, slopes of soft material 
must be terraced and wattled. 

The main roads coming from a forest, where the traffic is 
continuous, should be constructed as paved roads or at least 
rnacadamised. Even the most frequented subsidiary roads 
should be macadamised. False economy is never more out of 
place tlian in the construction of indispensable forest-roads. 
[Even mule-tracks four to six feet wdde, in the Himalayas, 
should be macadamised. — Tr.] 

(e) Eoads made of Wood. — Such roads are not durable 
ajid should be avoided as much as possible. On peaty 
soil and in swampy depressions, however, they cannot l)e 
dispensed with, nor for summer-sledging. Tliey are of three 
kiijcls : roads made of fascines, of round pieces of wood and 
sledge -roads. 


]. Roads made wilh Fascines. 

Fascines are used for short distances in crossing sw’ampy 
ground, which cannot be drained easily, especially over peat- 
mosses where macadam would sink in uselessly. After digging 
the boundary ditches of such roads, a layer about one foot 
deep of birch, spruce or Scots-pine branches is placed evenly 
on the track, the larger ends being turned inwards; on this is 
laid a layer of moss, heather, bilberry or turf-sods, etc., wdiich- 
Gver the locality affords, and the surface is completed wdth 
gi’avel, iron-pan or clay. Sand alone should not be used, as 
it soon finds its way through the substructure of the road, 
^iid in any case is a bad binding material ; sand, how'ever, 
when mixed with clay or loam, may be used to cover the 
I’oadway. 
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Where roada cross shifting sands they may be constructed 
similarly. 

ii. Corduroy-roads, 

These are made under similar circumstances to the 
fasciue roads for crossing short stretches of swampy ground. 
In this case, the lowest layer consists of middle-sized logs 
placed close together longitudinally in the direction of the 
road, and upon them round or split billets of wood are packed 
transversely, whilst poles are pegged down firmly on both sides 
along the edges of the roadway above the billets to retain them 
in position. 

This kind of road is used to prevent the feet of beasts of 
draught from sinking into swamps, and is also much used for 
filling hollows in the construction of sledge-roads. 

iii. Skdyr -roads 

Permanent sledge-roads are used in the summer transport 
of wood over slightly sloping ground. In order to reduce 
friction in sledging logs or fire- wood, the road is laid trans- 
versely with middle-sized round billets which are held in 
position by pegs driven into the ground. Their distance 
apart should not exceed two feet, so that the sledges may 
rest always on at least two of them. To reduce friction 
further, the Inllets are often smeared with grease, or water 
is poured on them. In the case of their being too slippery 
after rain, sand may be strewn on them to increase the 
friction. 

In the Barr forest-range in Alsace, sledge-roads are exten- 
sively used, also in moat of the forests of the Vosges 
mountains. 

[A much more elaborate sledge-road than those described 
here was made in the forest of Tihri Garhwal, in the 
north-west Himalayas.* Its gradient varied between 5 and 
11 degrees, and experience shows that 8 degrees is best, and 
the sharpest curve has a radius of 20 feet. The length of Hbs 
sledge-road is 5877 feet, and the total fall 835 feet. It 

• Kor ;i complfjl^e account of tliin Hlcd^c-road, sco “ [ndian Korestor,’ VoI.NII" 

]). \m. 
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constructed of defective meter-gauge deodar railway- sleepers 
which measure 8 feet X 8 inches X -li inches, two sets running 
horizontally and feet apart, being jointed and pegged 
together by oah pegs, whilst the transverse sleepers were 
pegged into them at distances of feet. The grooves in 
which the sledges run varied in breadth from 4— (j inches 
according to the curves, and were J to J inch deep, and 2 feet 
apart. The central part of the roadway was ballasted up to the 
level of the transverse sleepers to prevent the roadway from 
shifting, and to serve as a footpath. Guards consisting of 
half-sleepers were placed on the outside of all sharp curves to 
prevent the sledges leaving the road. 

The roadway itself in many places was blasted out of 
precipitous rock and contained 20 bridges and wooden viaducts, 
altogether 1068 feet long. This sledge- road proved very 
economical in the transport of railway -sleepers. In the 
adjoining Bamsu sledge-road, the line on the steep gradients 
was made of pine, the cross-pieces being 3 feet apart to increase 
friction, and sand used freely. On low'gi’adients finely grained, 
hard timber, such as Sissoo, was used, and the cross-pieces, 
‘i feet apart. On intermediate gradients, deodar. — Tr.] 

(f) Horizontal Plan of Roads. — As regards the horizontal 
plan of forest roads, sharp curves wdtlj a radius less than 
100 feet should be avoided as much as possible, especially in 
mountain districts, and the roads should run in long sweijpiiig 
curves. Wherever the transport is mainly concerned with 
logs, attention should be paid to the possibility of the road 
being used for sliding the timber or for a forest irannvay, 

(g) Gradient — It is most important to decide on the 
gradient of a forest-road, which should be constructed only 
after pegging out the levels. Roads for general traffic have a 
maximum gradient of 5 per cent., which is also a desideratum 
lor main forest roads, as in such a case, the road may be coii- 
veniontly traversed in both directions. Forest-roads, however, 

generally used uphill by empty conveyances, and those 
^bicli are laden generally come downhill, so that gradients in 
roads may go up to 7 and 8 per cent., and in subsidiary 
to 10 per cent., and even more according to the manner 
they are used. 


X 


0 
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Steep gradients should be avoided always for cart- traffic, not 
only to facilitate the latter, ))ut also to protect the road, which 
when steep is liable to much injury from the use of the brake 
and owing to erosion by water. Sledge-roads, on the contrary, 
require a steep gradient and have been constructed recently in 
a most perfect form in high mountain -regions, being made of 
two kinds for sledges drawn by men or animals ; they may be 
termed feeders and main sledge-roads. The latter are confined 
to the lower ground ; traverse long valleys, and serve for 
conveyance of the wood to depots. The feeders descend the 
mountain -slopes from the highest and most inaccessible parts 
of the forest, they often wind round all kinds of obstacles, 
rocks are blasted to make way for them, galleries cut along 
precipices and tunnels bored. By their means the wood is 
brought down to the main sledge-roads. Wherever sledge- 
roads run through cuttings in districts with heavy snowfall, 
they must be covered with rafters and spruce hranclu's for 
protection. The gradient of the feeders should not be less tlian 
6 to 8 per cent., or greater than 18 to 20 per cent., though 
even the latter is sometimes exceeded, but 12 to 15 per cent, 
are the usual gradients. The main sledge-roads are less steep, 
and 8 to 12 per cent, are usual gradients, but even a slight 
ascent cannot always he avoided in their case wiiere a ridge 
has to he crossed Ixjtwoon two valleys. 

Ground timber-slides are used extensively in the eastern 
Schwarzw^ald; they maybe used also as sledge-roads chieilyfor 
the transport of logs. Their gradient should lie goueratly 
])etw’ccri 9 to 12 per cent., and may go up even to 18 per cent. 

A steady gradient is more necessary in the case of sledge- 
road^ than on roads for wheeled traffic ; in the latter case, 
now-a-days it is considered better to vary the gradient, as tlusis 
less tiling to beasts of draught than a uniform gradient which 
ahvays calls on the same muscles. 

(h) Breadth of Roads. — The breadth of forest-roads 
depends on the mode of conveyance used, and the amount 
of traffic. Main forest-roads should not be less than 18 
24 feet broad, if the traffic on them is not to be impeded, 
to 8 feet being the width lietween the wheels of a cart. 

The subsidiary roads need not have a greater breadth than 
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10 to 15 breadth of sledge-roads is still less, for the 

niaiti sledge-roads 8 to 10 feet, and for the feeders 3 to 4 J feet. 
Road'slides may be G to 8 feet wide. All roads, however, which 
are wide enough only for one cart or sledge, must have 
siilliciently wide places here and there for the return traffic to 
pass; wherever logs are transported, the breadth of tlie road 
must be increased at all turnings, or where curves run round 
projecting rocks. Otherwise logs must be fastened along the 
edge of the road on which the projecting ends of logs dragged on 
siiiall sledges may slide. 

Ill the ease of narrow sledge-roads with steep gradients 
passing with curves over precipitous ground, accidents are 
avoided by placing logs along the edge of the road, that 
touch one another at their ends and are kept in place by idles 
or props, 

(i) Maintenance of Roads. — Wherever there is heavy traffic, 
roads suffer much damage, by the use of brakes, etc. ; in 
mountains the rain-water brings down silt and landslips, and 
may inundate the roads at certain points, so that their surface 
iH constantly being degraded. Continual prompt maintenance 
ami rejmirs, improvements of tlie drainage of the road and 
lilliiig'Up all holes and ruts are therefore necessary, llepiursto 
roads, therefore, requii'e almost as much attention as tlieir 
construction. The chief rule is nut to allow any damage to 
get tile upper hand, but to commence repairing it as soon 
U.S the weather is dry. It is often advantageous to entrust 
the repairs of the roads on contract to trustworthy woodcutters 
[or to apprentice forest-guards, as in France {<janle$ cantoii- 
nim), who work themselves and also supervise tlie other 
labourers.— Tr.]. 

in many forests it is customary to place a bar across roads 
after the season’s transport is over, in order to protect them 
from cxtraneons traffic. Tlie possibility of doing this depends 
ou the nature of the forest-rights and other local circum- 
staucos. As a rule, such a practice does more harm than 
Sood to the forest Hoads should be open to traffic, and the 
^ore they are used and injured by the traffic, the more 
’useful they are, and the higher the net-revenue of the forest 
^ill be. 
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B. Modk of Conveyance. 

The conveyance of the converted wood along roads to the 
collecting or sale depots is effected cither by men or beasts. 

(a) Conveyance by Men. 

Conveyance by men is coiihned almost entirely to sledging, 
which in transport, as opposed to clearance of the felling- 
area, tabes place on peniuinent sledge-roads. Only firewood 
and scantling or butts, but not long logs, may be thus trails- 
ported. In the case of sledges, it is impossible to draw any 
sharp distinction between transport and clearance, except tliat 
in high mountain -regions sledging bears more of the character 
of transport, and in lower hills, of clearance. From both 
points of view the methods of sledging have been described 
already (p. 272 ). 

In forests of low hills and plains, no permanent sledge-roads 
exist, and sledges are used only to convey the wood to the nearest 
cart-road. In mountainous regions, however, there is no object 
in removing the wood merely from the felling-area to the nearest 
road. It is a question of transporting it formiles over permanent 
sledge-roads down to the valleys to depots, or rafting-stations, 
at low altitudes ; iliis implies a separate industry not always 
intimately connected with the felling operations. 

i. Wmfer Skdfjmj. 

In most cases sledging is done over the snow, and the same 
kinds of sledges are used aa in clearance of the felling-area 
p. ^if). Sledgea used for firewood have high side-pieces, but 
for those used for carrying butts, the loads are fastened by 
means of chains and ropes, and the sledges are longer, as shown 
in Fig. 180, which represents a Bavarian timher-sledge. Before 
sledging begins, the wood is frequently piled- up in stacks, but 
usually the sledge is laden on the felling-area and brought 
down to the depot. Wherever sledging is done indepen- 
dently of the felling operations, and by many workmen acting 
together, a certain order and uniformity in the operations will 
be found very effective. Therefore, and in order to avui 
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the constant interruptions to the work, which sledges ascend- 
ing and descending simultaneously would cause, a lai'ge 
mmiber of sledges are laden, and descend and ascend together 



Fig. ISO.— J3;ivn.riiin tiinlxir-sledge. 


(Fig. 187). Sometimes the returning empty sledges are carried 
back along the sledge-road, hut the workmen usually prefer to 
carry them by the shortest cut, uphill. At the collecting 



Fig. ] S 7.— Timber-sledging. 


^cpol the wood must be Btacked carefully in order to economise 
^)ace ; or if further transport is down slides or by water, it 
e thrown at once down the slide or into the water. 
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In many mountainous districts, as in the Alps and Vosges, 
sledging is the usual mode of conveyance of wood ; the ^¥Ol•k 
is commenced at the first fall of snow and continued as 
long as the weather permits. Huts built of wood or stone are 
provided in suitable places for the workmen, bo that they may 
remain constantly at the work ; these huts prove useful also 
during felling operations. 

The loads which may be transported by a sledge vary with 
the size of the sledge, the skill and experience of the workinei], 
the gradient, the nature of the sledge road, and the distaiico 
of the collecting depot from the felling-area. 

Much greater loads can be carried down regular sledge-road.s 
than on mere hillside tracks. The load may be to 2 stacked 
cubic meters, i.c., 50 to 70 slacked cubic feet. This, however, 
implies that the sledge-road is in good order and to secure tins 
the workmen have often to work several hours daily. The 
amount of wood a man can bring down in a day depends firstly 
on the distance traversed, and then on the condition and 
gradient of the sledge-road. With moderate and uniform 
slopes and a good road, a man can bring down 3 to 5 stacked 
cubic meters {100 to 175 stacked cubic feet) of firewood for a 
distance of about 3 kilometers, say 2 miles ; or 10 to I'i 
stacked cubic meters (350 to 420 stneked cubic feet) to Imlf 
that distance. The amount of work done is, however, reduced 
where the gradient is very slight or excessive, us in the latter 
case the return of the sledge is difiicult ; also, where the 
gradients vary so that brakes have frequently to be used. 


ii. Summer Sled f/i tiff. 

Sledging during summer takes place on the sledge road 
described on p. 306, and both firewood and butts are thus 
transported. 

In the forest of Barr, in Alsace, there are 24 kilomoters of 
summer sledge-roads, the longest being 7 kilometers. Tliese 
roads cost 43 pf. per meter (5d. a yard), and the round billets 
silver-fir and beech last ten years. The cost of the transport of 
fuel is 70 pf. per stacked cubic meter {28. per 100 cubic feet); 
2 to 5 stacked cubic meters (70 to 175 stacked cubic loot) of 




SIDE ELEVATI ON 



FRONT elevation 



rr.ATK III. 


HJMAL.WAN ink li.MIAVAV SIJ'T:rHl{.« 



MODE OF CONVEYANCK ON ROADS. 


.31*i 

firewood form the load, or from 3 to 6 butts, according to the 
gradient. 

[In the Himalayan sledge-road referred to on ix 306, 
two men carry down daily 100—120 meter-gauge sleepers 
(fj-i ft. X X 4| inches), whilst they could carry down only 
21 on their shoulders, the distance being 1 mile and 1 furlong. 
Twenty-five meter gauge or 15 broad gauge sleepers go to a 
load, the weight being about 1 ton. Plate III. shows the 
nature of the sledges used ; they are 3 feet wide.— Tr.] 

(b) Transport by Beasts, 

Transport by the help of beasts is carried on with carts and 
sledges, and less frequently by dragging or by pack animals. 

i. Ordinary Carl Tntffic. 

On a dry roadway the ordinary four-wheeled timber- cart is 
used, and for firewood it must have sides, but for poles and 
middle-sized logs, tlieso are not required. The wood is secured ' 
to the cart by means of ropes and ehaiiis ; and specially 
strong carts are used for large logs and butts. 

Tlie mode of transport by carts depends chieHy on the quality 
of the roads, as obviously larger carts may be used on good 
roads than on bad ones. The largest waggons for firewood 
are used in the Schwarz wald, and often carry 30 to 36 stacked 
cubic meters of wood (14 to 17 tons). 

In carrying long logs, the front and back parts of the timber- 
cart are separated and the butt-ends of the logs are’ placed in 
front, their smaller ends being suspended under the axle of 
the hinder pair of wheels, so as to allow for turning at curves 
hi the road. All timber-carts should contain levers, a screw- 
jack and the necessary chains. If the wheels are high 
enough, the log is sometimes hung under both axles, which 
saves tlic frequently laborious process of loading the timber ; 
and if, in such cases, in descending steep slopes, one end of 
die logs drag along the ground, it then acts as a brake. ‘ 

ficnorally horses are employed in timber transport, although 
bullocks are very serviceable and replace them in certain 
^i^^tricts on the Coutiiieiit and in hot countries. 
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ii. Sledging ivitk Beasts, 

After a fall of snow, sledges laden with firewood may bo 
dragged conveniently by a horse or bullock ; they are larger 
than the ordinary sledge, and have short horns and two shafts, 
k 01 the tianspoit of butts, short sledges are used. In many 
Alpine districts, horse-sledges are provided with a moveable 
frame (Fig. 188). In transporting butts the latter are fixed 
at Iheir upper ends to the short sledge (Fig. 188) by chains 
iuiil nails, their lower ends sliding on the ground. If the 
gradient be steep another butt is dragged behind the sledge. 
The brake consists either of a bundle of firewood attached 
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to a short chain, or a piece of planking, on which the driver 
stands. It may be the brake shown in Fig. 180, on which 
filso the driver stands. The construction of Wasenmeister’s 
brake is seen from Fig. 181. 

blcdging by the helj) of horses is followed extensively in 
the Bavarian Alps, where the brakes just described are all 
use, 

iii. Dragging hg B easts. 

Dragging logs by beasts is often impracticable on ordinary 
■oaiis, on account of the great damage which would ensue. 

iv. Use of Pack-cailk. 

(xeimany the use of pack-cattle, males, or ponies for the 
'^ansport of firewood or charcoal- wood, is limited to the Alps, 
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where the wood which has been collected lies scattered over a 
large area. A horse carries only 2 cwt., while it 'can drag 7 to 

9 cwt. At the same time, 
pack-animals require 
only bridle-paths, which 
can be constructed and 
ke[)t in repair ’ miieli 
more easily and cheaply 
tlian cart-roads. 

[In the ilimalavEis 
the transport of firewood 
is carried on extensively 
by means of pack-niiilef^ 
and ponies, in billets 
3 feet long, and the cost of conveyance is 1 rupee 6 annas 
per 100 stacked cubic feet per mile for oak wood, and 1 rupee 
2 annas for hr (Fig. 192).— Tr.] 



Fiij, 11)2.— Ciima<,^c of boxwood by mules. 


Section II.— Timueii-slides, 

A. CoNSTUUCTlON. 

A timber- slide is a more or less permanent channel, eillicf 
constructed of wood or excavated in the ground, and placed 
along a mountain slope; the wood descends by its own 
weight. Slides may he distinguished as wooden slides, ground 
slides, or roads used for sliding timber. 

1, Wooden Slides. 

Wooden slides may be constructed either of butts or poles, 
or of planks. 

(a) Log or Pole Slides.— These are semi-circular channels, 
made of closely-packed poles, or logs, 4 to 12 inches thick, and 
are used for timber trans|K)rt. The pieces of timber used in 
constructing ordinary slides of this kind should be lf> to 20 
feet long, and the separate sections of which the slide is made 
are the same length as the pieces. The length of a slide 
is thus frequently described by the number of sections d" 
contains. The channel has a width of 2^ to 0 feet ; it rests 
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on strong wooden supports, which may be tenned block- 
sleepers, and are made of different shapes. Owing to the 
rri-eat weight of the slide that naturally tends to drag it 
clown-hill, this tendency being increased by the shaking to 
;Yhich it is subject whilst sliding is in progress, the block- 
blecpers must be supported by props on both sides to keep 
them steady. Only when the block-sleepers are sufficiently 
massive to preserve their own stability can these props be 
disi)eused with. The lowest section of a slide is made very 
strong to resist shocks, and is either horizontal or inclined 
upwards, in order to moderate the fall of the wood as it slides 
down. It should rest on strong blocks of wood driven into 



the ground, and the effect is to shoot the descending piece of 
wood upwards in a curve, so that it may fall without any 
great shock (Fig. lOfi), 

As a rule (Fig. 193), each section consists of six poles, two 
{a ffl) forming its base, two {b h) the sides, and two (c r) the 
edges of the slide. In curves, one of the pieces c may be 
omitted on the inner side. Where the gradients are very steep 
^ second pair of poles {d d) may be added. The pieces of 
^00(1 on the inside of the slide are all barked. 

The sections of the slide are joined together as shown 
Fig. 194. The pieces a a into the groove of the 
l^lock-sleeper (Fig. 195), the pieces h h rest betw’een the 
longer and pegs driven into the block-sleeper, and c c on 
these pegs and two others similarly fixed ; they are kept 
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in place by props (w) ; d d, when used, are similarly sup. 
ported. 

The construction of slides in the Black Forest is somewhat 
different, as shown in Fig. 19t>, wdiere all the poles, except the 
two lowest, are bored by augers, and kept in position by stroiKf 
beech trenails. In some cases a plank is used for the bottom 
of the slide. 

The trestles supporting the hlock-sleepers vary in height, 
according to the nature of the ground, or the block-sleepers 
may rest directly on the ground. 

In the Black Forest and the Tyrol, the block-sleepery 
rest usually on round billets. 

Pig. 197 shows the mode of construction of the end-section 
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of a slide, in l)eing a plate of wrought iron, over which the 
descending pieces slide, and which, o^^'ing to its elasticity, 
propels them upwards before they fall. 

Slides intended for the transport of logs must he constructed 
in a much stronger manner tlian those for firewood, and it is 
then chiefly the side-pieces {h and c) which must he strongly 
supported ; logs measuring one foot and one foot two inches 
in diameter and 50 to OO feet long may be used. 

The slide shown in Fig. 198 is used for logs in the Drifteiu 
thal, in N. Tyrol. It is sub-divided aliove into two branches, 
and is chiefly used for bringing down butts ; its strength of 
construction may be judged from the plate. 

AVhen sliding logs 80 to fiO feet long, it must be 
])erRd that where the slide is of any considerable length the 
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logs shoot out from it with great velocity, and to considerable 
distances, which may extend to 200 or 300 feet in the gently 



b'ig. I1H5.— Black Foiiist siiile. 


inclined foreground of the slide (in the Salzkammergut and 
oilier places). 

Ai'faiigements sometimes have to be made to reduce the 



^«l<)city of logs when sliding, and a mode of brake for the 
Pujose IS shown in Fig. li)9 ; as the log coming down strikes 
lifts the brake, its velocity is reduced, Another plan 
an intermediate section of the slide upwards, 
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and allow the piece to fall into a side-bifurcation by which the 
slide is continued. The piece of wood loses all its acquired 



Fig. PJS.— Slide in N. Tyrol, 


velocity in this change of direction and then descends agaiiL 
until it meets with another brake. 

[The largest slide of this nature hitherto made in India is 
the Bakani slide, near Chamba, in the Punjab. It is 1*2, 53^ 
feet long, with a vertical fall of 1,050 feet, or an average 
gradient of 18^ per cent. It is formed of 4,000 deodar-log!;! 
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various sizes, of which there are 4—6 in a cross-section, and 
generally they are embedded in boulder ballast; when the 
present working of the forest-block has been completed these 
logs wdll be removed and exported as timber. Where the line 
is above the ground-level, the slide is supported on piles made 
as follows 

Two logs, about 8 feet long, are placed 10 feet apart in 
line with the slide, cross-wise on these are placed two others 
1-2 feet long, notches in their ends fitting into corresponding 
notches in the others, then two more longitudinally and so on, 
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simply wedging together two vertical and one horizonta 
planks, each measuring 13 feet X 12 inches X 5 inches, into 
block-sleepers. It was used for broad-gauge railway-sleepers, 
which fell into a deep part of the river Tons. This slide was 
1 mile 1,052 feet long and the fall 2,687 feet, the average 
gradient being 2 in 9 or 22 per cent. Brakes formed of 2 and ,1 
inch planks placed 15 feet apart were used to stop the velocity 
of the sleepers, but this proved of no avail and the slide was 
then divided into two sections, the steeper part being covered 
in with planks. A little water was admitted to prevent the 
wood from taking fire, which eventually happened to the lower 



Fi{;. rimik-sliJe. 

part of the slide, down which the sleepers went with great 

velocity. — Tr.] ^ 

Plank-slides are used extensively in the Black iorest. a 
plank-slides are to be used for the export of large quantities 
of timber they must be constructed strongly, but when oiilj 
for temporary use, the sections are lightly built and portable, to 
shown in Fig. 200. In this case the ends of the planks aic 
sloped off and fastened by screws to those of the ne-Yt settwii. 
These portable slides are used for firewood in the Sili«'' ’ 

near Zurich. _ , .pi 

(c) Wet Slides.— The description of slides will be comp 
by an account of wet slides, which must be made as 
water-tight as possible, so as to hold a moderate 
water ; therefore they mu st be constructed much more cave . 
than dry-slides. 
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As Pig. 201 shows, they are made generally with eight hewn 
poles, the sides of which fit closely, and the interstices are 
stopped with moss, or with tarred tow, etc. 

[A wet slide in the Deota Forest in Tihri-Garhwal in the 
N. W. Himalayas was constructed in 1876-78, being 12,192 
feet long with a fall of 1,300 feet, the gradients from 1 in 14 
to 1 in 2-6, and the beat’gradient 1 in 4. It consisted of a trough 
composed of three planks (12 feet x 13 inches x 5 inches) 
roughly joined and firmly wedged into block -sleepers. Being 
made of Pinm longifolia, the latter only last 3 or 4 years, but 
should be made of deodar- wood, which is very durable in the hill- 
districts of India. The slide is worked by means of a good flow 
of water, which is supplied by troughs at intervals of about a 



Fig. 201.— Wet slide. 


quarter of a mile, a good depth of water being required when 
the gradient is less than 1 in 3. When there is plenty of 
water, 1,2(X) railway-sleepers can be passed down in about 10 
hours, each sleeper taking ten minutes on its journey. Such 
slides cost about 16d. a yard in India.* Fig. 202.— Tr.] 

For short wet slides, where there is a plentiful supply of 
water, preference should be given in their construction to merely 
ewn poles, instead of planks, as repairs are thus facilitated, 
atei* is brought into the slide whenever it passes any stream 
or spring. In the Salzkammergut, planks are used in a similar 
^’ay to the Tihri-Garhwal slide. In California, hundreds of 
cs of wet timber-slides have been constructed as shown in 
203. 

working-plan of the Tihii-Garhwal 
^ ^ publishal at Allahabad, for the Government of the N, 

“evinces, 18 S 8 . 
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(d) Gradient. — The amount of gradient is a most important 
consideration in constructing slides. Too small a gradient 
renders a slide useless, ^Yitll too great a gradient the wood 
will leave the slide and great danger arises to any person 
who may be near at hand. The permissible limits are 
5 % and 35 to 40 %, hut the way in which the slide is used, 



Fig. 202. — Dcota sleeper slide. 

Drawn by T. Marten, Indian rore.st Survey. 

and the size of pieces of wood to be brought down, affect the 
question. 

Thus there are dry slides, ice-slides, and wet slides. 

In the case of dry slides, a steep gradient is necessary, 
which may go up to 40 per cent, and more. 

[If, however, the gradient he very steep, the slide should 
be fairly 'straight, as, otherwise, the shocks to which it is 
subjected by wood coining down causes too much wear and 
tear. There is also always a danger of lire from friction m 
dry slides with excessive gradients.— Tr.] 
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As a rule, however, dry slides become slippery owing to the 
inoist air, or may even contain a certain amount of snow, so 
that in such cases a lower gradient will suffice than if the slide 
is used when quite dry, as may be the case in hot countries 
with scanty rainfall. 

In the case of ice-slides, water is introduced into the slide dur- 
ing a frost, so that it becomes coated internally with ice ; a 
very slight gradient 
is then required. 

In w’et slides, a 
thin stream of water 
is necessary, and 
should be deeper the 
steeper the gradient. 

Besides depending 
on the manner in 
which a slide is used, 
the gradient will be sos.-CiLlifomian wet slide. 

affected also by the size of the pieces brought down, so that 
there are slides for firewood, logs, or scantling such as railway- 
sleepers, and in the Alps, for billets two to three meters long 
used for charcoal. 

Slides intended for bringing down logs and butts must have 
lower gradients than those used for firewood, as the former 
pieces attain a mueli greater velocity tlian the lighter pieces of 
firewood. 



-The following gradients are usual : — 


MafFirial TiansportcJ. 

" ' ( i 

Uiyfilidt’. ' [cc-.sluU\ i Wot pliiln, 

i 

HpiiiarkK. 


Verfentage. 


J‘'’rewoo«l ... 

^harcoal jiicccs ... 
Uaihvay-sJtjepei-g ... 

20 .:i> 1 

15-20 1 :i_(; j 

Midway between .ibove. 

30 — 25 

1 .7 per cent, is I in 20. 

[The d.T.ta for railw.ay- i 
sleepers result from ' 
Indian experience.— ■ 
Tr.] 1 


as already stated, the degree of 
U^ess of the air, and the nature of the atmospheric 
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precipitations affect the surface of the slide, and modify the 
necessary gradient very considerably. 

However desirable it may be to give to each slide the most 
suitable gradient, the nature of the ground frequently renders 
this impossible, and the gradient is thus consequently greatly 
modified. As a rule, by using the sides of a mountain 
torrent, these slides run more or less directly down to the 
lower valleys, at whatever gradient the bed of the torrent may 
render practicable. Slight changes of gradient over a few 
sections of the slide must be avoided, however, by levelling the 
base of the slide, either by cuttings, embankments, or con- 
structing viaducts, so that the vertical section of a slide may 
represent a gradual descent, and there should never be any 
decided angles between two connected sections. [Plate IV. 
shows a slide crossing a mountain ravine in the Himalayas. 

It is also necessary to secure steeper gradients in the higher 
portion of the slide than for the lower portion, so that the 
latter may more and more approach the horizontal direction; 
the last few sections of it may even ascend, and the longer 
the slide and the heavier the pieces to be sent down, the more 
this must he accentuated. As regards the horizontal plan of 
a slide, it should be straight or form a steady curve without 
sharp corners, especially for long logs. 

(e) Collecting-places for Wood.— In high mountainous 
districts the configuration of the ground will not allow always 
of the construction of a continuous slide from the lofty ridges 
down to the valleys, and several transport- works may he 
made, such as sledge-roads, slides, wire-tramways, etc., accord- 
ing to the nature of the ground in each part. In order to 
collect the wood coming down from one side to another lower 
one, a collecting-place may be constructed. It is barred with 
stout poles with side palisades and has an aperture below, 
into which the expanded upper end of the next section is 
inserted to receive the wood for the next stage of the descent 

(f) Maintenance of Wooden Slides. —Wooden slides aie 
either permanent or temporary, the former serving a ceitaiu 
forest tract for a series of years, or connecting a collecting 
depot high up in the mountains, to which the wood is broug 
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in sledges, with a lower depot in the valley. Such a slide 
must be constructed most carefully and strongly, the site 
for it well chosen, and the gradients very carefully arranged. 
Temporary slides are used in bringing-down wood from the 
upper to the lower part of a felling-area, or to a road, and are 
constructed in a much lighter and less expensive way than 
permanent slides. They may be made with portable segments 
(p. B22). 

The construction of slides requires a large quantity of wood, 
and this is further increased hy the slight durability of the 
latter, for although slides may last longer in damp, shady 
places, and shorter on sunny aspects, yet they rarely last 
more than 7 years, and usually repairs are required after 3 or 
4 years. 

[In the Himalayas, deodar-wood is so saturated with oil, 
that its heartwood is practically imperishable in mountain 
districts; timbers in bridges in Kashmir exposed to alterna- 
tions of damp and dryness have lasted for hundreds of 
years, so tliat very durable timber -slides may be made of 
deodar. ~Tr.] 

As progress is made in the construction of roads, slides 
become less important; at any rate, this applies to slides 
several miles long, which were formerly so prevalent on the 
southern declivity of the Alps, where the best constructors of 
slides are to be found. 

Shorter slides, however, intended to complete communica- 
hona over steep ground, are still employed extensively in the 
Alps and other mountain-ranges, and their use is increasing. 


2. Ground-slides. 

Ground-slides are tracks often found on mouutain-sides, 
are made either on the bare ground by the repeated 
I mg of logs, or artificially improved in various ways, so as 
is ^ sliding. As a rule, a depression on a steep slope 
selected,_a line for sliding dug along it and pieces of wood 
tip ‘™“sversely on wliioli the logs may slide, other 

Ms being placed here and there along the edges of the 
® 0 prevent the logs fji'om leiiving it. 
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In the Black Forest wet sloping meadows are used for this 
purpose, the line of the slide being bounded by logs. In the 
Alps the method of sliding along the ground often alternates 
with timber-chutes. Ground -slides are used for the transport 
of logs only. 

A ground- slide serves its purpose only when its base and 
walls are sufficiently firm and smooth ; therefore all kones 
roots, etc., must be removed, intervening rocks blasted, tliewav 
improved here and there by laying down transverse pieces ol 
wood, while in the more difficult places which have to be 
traversed short wooden slides are constructed to complete the 
work. 

It is evident that ground -slides cannot be maintained in 
workable condition for any prolonged length of time. Jf iliev 
have no rocky subsoil they are toni-up soon by drainage water, 
and may become buried in silt, gravel, and other debris. 

Sometimes a wire rope is fastened to the logs whilst thev 
descend a ground-slide. A rope is coiled round a windhiss at 
the top of the slide so that as a log goes down attached to one 
end of the rope, the other end is wound round the windlass 
ready to be fixed to another log as soon as the former has 
reached its destination ; often three or more logs arc fastened 
one behind the other, and go down together. The windlass 
^Yorks with a simple brake arrangement. Tlie logs may he 
placed in trucks and these let down a tramway by the rope. 

Although ground-slides should possess steep gradients, yet 
if they are used when covered with snow or frozen, the 
gradient need not exceed 20 to 25 per cent., especially when 
they are well constructed and hounded by logs placed laterally, 
for in such cases descending logs soon attain a very high 
velocity. 

3. J0)ad-8Ufh:8. 

In some valleys leading from the Black Forest, especially 
those of the Wolf and Kinzig, regularly constructed roiuUvays 
are used for sliding logs and sledging, as shown in Fig. ‘20h 

It has been laid down already on p. 308 that roads when 
used as slides should have gradients of 0 to 18 per cent., 
more, and should be steepest above and become gradually level 
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Ijelow. Although slides should he as straight as possible, and 
{fee from sudden curves and angles, this principle may be 



Fig. 204, — Black Forefit road-slide. 

departed from if the direction of the slide has to change 
suddenly. A barrier is then erected at the end of a section of 
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the slide at which the downward section begins, and the log, 
after striking against the barrier, rolls into the lower section 
(7?i, n), and continues its descent as shown in Fig. 205, 

[A similar turning was eifected in a fuel sledge-road near 
Chakrata, N. W. Himalayas, by using a large cart-wheel 
set on a pivot as a turn-table, on which the direction ,of the 
sledges was changed. Fig. 206, show a Japanese method 
of changing direction in a slide. — Tr.] 

The upper end of a slide is generally somewhere near the 
felling-area. Its lower end should lead to a plot of land 
sufficiently spacious for the material brought down to be 
collected - and^sorted. In order to manage this better the 



Fi". 20,1 —Change of direction in a slide. 


slide may be divided below into several branches. In any 
case, it should terminate above a cart-road or stream used 
for floating. 

Once the logs which are to be transported are brought by 
any means whatever to the head of the slide, they are used to 
fix its sides, commencing at the top ; being placed along the 
outer sides, or on both sides, of the roadway, supported by 
pegs either through the logs or outside them, and at such a 
distance apart as to allow for the easy passage of a sliding log 
betw^een them (Fig. 204). In order to prevent descending 
logs from jamming, the distance apart of the boundary logs 
should be greater on curves than on straight sections of the 
slide, or the inner side of the slide may be left free. On the 
outside of curves it may also be necessary to put two or three 
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boundary logs one above the other, in order to prevent the 
sliding logs from leaving the slide. In mountain-regions 
transport on road- slides deserves more attention than has 
hitherto been bestowed on it; it wastes no wood, is very 
expeditious, for with a length of 2,000 meters (1| miles), 100 
to 300 logs may be brought down in a day, and the roadway 
may bo used also for sledges. Sliding on roads is therefore a 
highly practical method where cart-traffic is impossible. 



Fig, 20G,— Chanj?e of direction in Japanese slide, Erom a Jap. State publication. 


Road-slides are now used in Austria, Galicia, the Carpathian 
mountains, and in the Salzkammergut. In Hohenashau, 
in the Bavarian Alps, the ordinary sledge*roads are used in 
^vinters without much snowfall for sliding 8- me ter logs. They 
are also used in Franconia, but there only on snow or ice, 
the transport being chiefly confined to butts for saw-mi! Is. 

4. Mode of TrampoH on Timber-slides, 

The mode of transport of wood on slides is very simple, and 
"Impends on the construction and purpose of the slides. Besides 
launching the logs the requisite labour-force is employed on 
maintenance of the slides. 
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(ft) Wooden Slides.— The chief object; to be secured in the 
maintenance of wooden slides is to get as smooth a surface as 
possible. This may be secured by watering the slide diiriiifr 
a frost, so as to get a smooth, icy path ; by using the snow 
which lies on the slide, removing most of it and pressing, 
down the remainder; in wet slides, by using all available 
water ; or generally, by keeping the slide free from dirt, dead 
leaves, etc., and using it simply as a dry slide. 

Slides are used chiefly during winter or early spring, partly 
on account of the ice and snow, and partly because the wood 
must be brought down then, so as to be ready for floating 
when the water rises in the streams in the spring, dry slides, 
however, may be used tliroughout the summer. 

Whenever, owing to slight gradients of 5 to 6 ice-slides 
must be used, a good deal of labour is involved in watering, 
one man being required to water and look after every 40 or 50 
sections of the slide. Sliding then is often done at night, 
when the work has been prolonged into spring, and frost 
occurs only on clear nights. For the most part slides are 
used either covered with snow', or dry. The work then con- 
sists in removing superfluous snow which may have fallen 
during the night, and in thoroughly freeing dry slides from 
pieces of bark, wooden splinters, etc. 

Owing to the prolonged use of tlie principal slides, the bottom 
pieces get worn a way, and pieces to replace them wlieii 
necessary should always l)e kept at hand. During the work 
of sliding, the logs and other pieces of w'ood which have been 
collected at the top of the slide during winter, are thrown in 
piece after piece, or they may be launched as they arrive 
at the top of the slide. The w'ork of sliding is done generally 
by contract-labour. All the w'ood should be round, except in 
slides specially made for railway-sleepers or other scantlings 
and logs should l)e barked. In clearing the slide of dirt, etc., 
the men ascend with climbing-irons on their boots. 

In all slides, effective means should be assured of warning 
men below who may be repairing the slide, before any wood 
is sent down ; also when sliding has been temporarily stopped 
and the woodcutters have gone to fetch more wood, the men 
below should be signalled to continue their repairs. 
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[In the Tihri-Garhwal railway-sleeper slide, a wire for an 
electric bell at the top of the slide was provided along the 
line, and men were stationed at intervals, so that if by any 
chance the sleepers jammed, the men above might be warned 
to stop sliding any more sleepers till matters had been set 
rifrht below.— Tr,] 

In the case of temporary slides, as soon as all the wood 
lying at the slide-top has been launched, the pieces which 
have stopped on the way are sent down, and then the pieces 
of the slide itself are taken up one by one, and sent down 
the remainder of the slide. Usually the slide leads down to 
the stream used for floating, into which the wood falls, but 
if the logs fall on to the ground at the end of the slide, 
one or two men must be there to roll them out of the way 
of the succeeding logs, which might cause breakage if they 
fell on other logs. All this work is very dangerous to people 
who may be anywhere near the slide, and the workmen must 
be exceedingly careful to avoid accidents. Sometimes, for 
instance, a slide crosses a footpath or cart-road, or there 
may be interruptions in the slide, or difficult places with 
insufficient gradient, etc. At all such places men must be 
posted to warn passers-by of danger, and to expedite the 
logs, etc., which are descending. 

(b) Road-slides. — In the transport of logs by road-slides 
men must be posted along the slide ; they should place fresh 
transverse pieces under the logs Avhich are sliding- down, or 
remove some of these pieces, according to the rate at which 
tbe logs descend. They should also repair the roadway, where 
any damage has been done, signal to the men above and, 
l*elow them, and generally expedite the work. On such slides 
one log descends at a time, and as soon as it has arrived 
the bottom of the slide a signal is given to launch a fresh 
which three or four men effect at the top of the slides 
^’ith krevipcs. 

I^oad-slides with gradients of 8 — 12 % can be used only 
winter. With a gradient of 12—50 % they may, how- 
be used in summer, and the logs always descend 
l^ntt-end first, the ends of the logs being rounded for the 
P^irpose. 
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Action III. — Forest-Tbamways.*^ 

It is only during the last twenty years that iron tramways 
have been used in forests. At first, forest- tramways were 
constructed chiefly of wood, of which those by Leo Presti 
von Lippert and improved kinds in Austria-Hungary by 
Egetz, are the best-known. 

Decauville’s portable railways, which were used in France 
for agricultural purposes, have proved thoroughly adapted for 
timber-transport, and have found many imitators in Geriiiany. 
Although there may be differences of detail in the various 
kinds of tramway in actual use, yet the chief points to be 
secured are easy transportability of the plant combined with 
strength and solidity of construction. 

Monorail Tramways are used in America, and in 1898, 
de Coulon constructed a monorail tramway from the forest 
of Neiifchatel in Switzerland, t There is also a system of 
conveying trucks on a strong level wire, supported by trestles, 
where the motive power is supplied by a stationary steam- 
engine. 

1. Kinds oj Tramicays used. 

If forest- tram ways are to be thoroughly useful for timber- 
transport, they should start from the ordinary country lines 
of communication, and penetrate along the main and subsidiary 
forest roads into the interior of the forest as far as the felling- 
areas, and even up to the individual felled trees. 

It follows that some of the lines should be permaiieiitly 
constructed, that a second portion should be more or less 
portable, and that those sections of the tramways which reach 
the felling-area should be of a light portable nature. 

It is evident that in certain cases the line cannot be continued 
up to the felling-area, whilst in other cases the portable parts 

* liunnebaum, “ Die Waldcisenbahnen,” l^crlin, 1HS6. 

Indian Forester,” Vol, XII., 1^80, p. 244, for an account of a forest-tiannvay 
u.s(xl at Kottenforst, near Bonn, by Sir D. Brandis, K.C.I.E,, ami Colonel 
Bailey, K.E, Also cf. Mathey, “Exploitation des Boia,” Vol. I., where 
is a very detailed account of tramways. 

I The Monorail Portable Railway Co. ((Jail let’s Patents), 22, 2H, Lawrence 
Poiintney Lane, Cannon St., Ixindon, E.C, 
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of the tramway communicate directly with the permanent 
^vay, and the half-portable portion is not required. In fact, 
all lines do not include the three kinds of tramway already 
mentioned. 

2. Mode of Construction, 

This includes laying-out the road, the rails and sleepers, 
the rolling-stock and apparatus used for loading the trucks, 
(a) Laying-out the Eoad.— Ordinary forest-roads will suffice 



Fig. 207. — Rail. Fig. 208. — Iron sleeper. 


for the main tramways and the half-portable way. They 
should be as straight as possible, and there should not be 
much range of gradient, wliicli may reach 8 or 10 % though 
moderate gradients from O to 6 % are preferable. The sharpest 
curves should have 60 to 100 feet radius. 

For the main and secondary lines, earthworks to improve 
the gradient cannot be dispensed with, but the portable 



Fig. 200.— Tortable pair of rails, 

portions of the railway must run according to the lay of the 
ground. 

(b) Rails and Sleepers.— Flange rails (Fig. 207) of the best 
essenier rolled steel are used. Transverse sleepers only are 
used. For the main lines wooden sleepers are used, but for the 
poi table portions of the line steel sleepers (Fig. 208) are required, 
these sleepers are strongly and permanently united to 
^ pair of rails, constituting a section as in Fig. 209. The 
are 6 to 8 meters long in the main lines, but only 2 meters 
on tlie portable lines, and a section must not be heavier 
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than a man can carry (Fig. 210), i.e., 35—45 kg, (76— lOOlba.). 
Whilst on the main lines consecutive rails are fastened 



Fig. 210.— Laying the lines. 


together by plates and bolts, in the portable portions they 
must be attached so as to link and unlink ^Yith one aiiotlier 



Fig. 211.— hastening fur the raiU. 

quite easily, as shown in Fig. 211. This costs sixpence a 
meter cheaper than the usual method of fastening rails, 



while the cost of maintenance of the portable lines in 1900 
was 45*6 % and in 1001 35’0 of the cost of permanent 
Bieran, at Schizmede in Elsars in 1898, gave up sleepeis 
and laid heavy steel lines 9 meters long and weighing 16 
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(35-2 Ib^.) directly on the road. The rails were screwed 
togetbof^ every 1 to IJ meters by tension rods and joined 
longitadinally by strong lappets.* 

As regards the gauge, experience shows that for main lines 
70 centimeters (27 inches), and for portable portions 60 centi- 
meters (23 inches), are most suitable.! Junctions on the main 
lines are effected by a combination known as switch and points, 
a description of which may be seen in Dempsey’s Practical 
Railway Engineer, but on the portable lines a junction is 
eifeeted more easily by means of a curved section placed over 
the rails, as in Fig. 212. 

[Brandis states that at Kottenforst, wooden sleepers are 



Kig. 21:-^. — Truck for logs. 

preferred even for the portable portion of the railway as not 
able to bend on uneven ground. Two kilometers (IJ miles) 
«[ branch-railway may be laid by two men in a day. With 
wooden sleepers, one at each end, a section weighs 38 kilos 
- d ibs., but the rails must be heavier than when more 
^ SGpeia are used, 8 kilos per meter. — Tr.] 
i’he main lines might be constructed in similar fashion to 
lo^ Wable lines, but in their case the rails are 5—6 meters 
instead of only 2 meters, and the sleepers 80 centimeters 

S^hwcllon, Allg. Ft. u. Jtl. Zeituug, 

1 [So (tayer, but change of gauge is of doubtful etticacv,— Ti\l 
r.u. ‘ 



Fig. 2ir»— the triu’ks. 


for transport, must, though strongly built, be as light as 
possible. It is clear that these trucks must be constructed 
most carefully, when it is remembered that heavy logs are to 
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Fi". 'Simple crane. 



carrifid, and that the workmen iiiciu* considerable danger 
moving such heavy pieces of timber. At the same time 
trucks are essential, especially on lines with a gradient 

z 2 
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Up to 7 % and without steam-power, as they have to be dragged 
back to tlie felling-area by horses; as far as possible tliev 
should be made of wood. 

The trucks are constructed below like ordinary railway, 
trucks, but they support a revolving horizontal plate furnished 
with an iron crescent- shaped support, or a horizontal bed Avith 
inclined arras, on which the logs rest as shown in Figs. 218 
214. These revolving plates allow of a log resting on hvo 
trucks being taken round curves. Eacli truck is provided with 
a brake, and different kinds of brakes are used. 

For the transport of firewood the revolving plate is 
not required, but the truck forms a platform at its sur- 
face, an<l uprights are supplied on both .sides to support 



the wood. Evidently the transport of logs can l)e conducted 
only by means of two trucks ; firewood also may he piled 
on two trucks over two scantlings placed longitudinally 
(Fig. 214). 

(d) Apparatus for Lading tho Trucks.—In using forest 
tramways all snital)le mechanical appliances for saving labour 
should l)e prf)vid(;d. Although in lading trucks with poles 
and otherlight pieces manual labour alone is required (Fig. 215), 
cranes are supplied for lifting logs on to the trucks. Fig. 216 
represents a special tripod crane, Fig. 217, a double crane 
capable of lifting 4^ tons, which may he separated into two 
parts for conveni(;nce of transport and Fig, 219 an improved 
timber-loader constructed by llaarinanii at the Osnalu'ucli 
steel works. [This is said by Brandis to be the safest method 
for the workmen.—Tr.] Finally, Fig. 218 show's an improved 



Ebersbcrg Forest were laden on to trucks by a steam-crane 
as shown iu Fig. 221. 

By means of one of these cranes the log is raised high 
enough for the rails to be laid under it, and the trucks 
pushed on to them, when the log is lowered and fastened 
% chains on to the trucks. Heavy logs must be laden by 
uieans of cranes, and only smaller ones by the use of levers. 

the case of firewood there is no dilliculty in loading the 
trucks. 

[Ike cost of l> miles of tramway (I main lines and 1] miles 
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branches) at Kottenforst, rolling-stock, loading apparatus, and 
laying-down 4 miles of main line, in which MO was spent on 
earth-work, was ii‘252 per mile and it is estimated to last for 

15 years.— Tr.] 

3. Mode of Transport, 

A distinction may be made in forest-tramways according to 
tlie means used to work them : merely utilizing a down-incline 



Fig. 222.-~Use of brake. 

the line of road ; dragging the trucks by means of horses 
or men, or finally by locomotives. 

^Vlieie the incline of tRe roadway is used, there must be a 
in it of about 3 to 4 and the trucks must be provided 
suitable brakes. The empty trucks are dragged back by 
Worses and less frequently by men. This method is employed 
short distances wherever the ground is suitable, and is 
^’^presented in Fig. 222. 
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Horses are used on nearly all branch-lines which are eon. 
striicted in level land, even when of quite a temporary nature. 
The horses do not pass between the rails hut alongside of them; 
they are accompanied by drivers and other men, especially when 
several trucks are united so as to form little trains (Fig, 214). 
Brakes are always required. 

At present on the main lines, as in Elsass (Schinneck, 
Alberschweiler), also at Schneegatten in Upper Austria, loco, 
motives are used almost everywhere, unless the lines are 
very short. The locomotives are small ; in mountainous 
forests specially constructed, light, mountain -locomotives with 
8 axles are used, which can travel on curves even willi a 
radius of 25 meters (80 feet). Tn this case tlie brakes must 
be very effective. If the main line is of the ordinary 
railway-gauge, the usual kinds of trucks are used in truiiii? 
of different lengths, as in the forest of Ebersberg, where 190 
truck-loads leave the forest daily, the total annual yield of the 
forest in timber being 45,500 truck-loads. 

The loading of the trucks is effected by rolling or sliding 
over inclined poles as shown in Fig. 215; also special machines 
for loading are used, and w herever the timber is transferred 
from trucks of one gauge to those of another, cranes are 
indispensable. 

Whether the construction and working of a forest-tram- 
way is best undertaken by the forest management, or by a 
contractor, is a question which cannot be answered in a 
general way ; tlie nature of the locality, volume of wood to 
be transported, length of the lines, greater or less delay 
experienced in clearing the felling-areas and several other 
factors, intervene. Circumstances differ materially in the 
case of tramways which are at present being worked. la 
general, excejjt in the case of railways of the ordinary gnugc 
experience has sliown that it is more economical to con- 
struct and ^vork the lines directly, and not by contract; 
this is quite independent of the advantage to the forest- 
owner in having, in tlie former case, more freedom in the 
management of his forest. 

Main lines in complete unison with the ordinary railwaj 
system of a country should be constructed and managed 
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by railway engineers. Thus the 12 kilometers (7J miles) 
of railroad in the Ebersberg forest were constructed very 
rapidly by the 1st Pioneer battalion from the Munich 
Garrison. [Forest-tramways are used in A.ssam, the Punjab, 
and other parts of India.*— Tr.] 

4. Statutks. 

The nineteenth century was characterised chiefly by great 
improvements in machinery and a consequent complete revolu- 
tion in the means of transport and communications. Forestry 
should therefore march with the times, and improve the means 
of transport in forests which are difficult of access. It is a 
great mark of progress during the last 20 or 30 years, in such a 
conservative industry as forestry, that a considerable extension 
of forest-tramway has taken place. 

Dozens of forest- tramways have been constructed in Ger- 
many during the last ten years, and there is scarcely a German 
province in which either a permanent or temporary tramway 
is not being worked. The first steps in this direction were 
taken in North Germany, in the different Prussian and Saxon 
provinces, and South Germany has followed suit, partly owing 
to the enormous volumes of timber following the great destruc- 
tion of forests by insects, or storms, in South Bavaria, the 
\osges Mountains and AVurtemberg, The oldest forest-tram- 
way is that of the Sihlwald, near Zurich (Fig. 230). 

The most important forest- tramway hitherto made on level 
land in Germany was constructed in 1889—92 to remove the 
enormous volume of timber (4 million cubic meters, or 2J 
bullion loads) which had been killed by the “Nun” moth 
caterpillars, in the forests of Ebersberg, Perlach, Sauerlach 
Forstenried. This tramway consisted of 12 kilometers 
(Ig miles) of main line of the ordinary gauge, from the rail- 
way-station of Kirchseeon, passing through the middle of the 
evastated forests, with 40 kilometers (25 miles) of branch - 
a gauge of 60 centimeters (say 2 feet), and 27 kilometers 
^ 7 miles) of portable lines which passed right up to the 

Forester,” Yol. XII., p. gives an account of the Chaiigam.'inga 
the Punjab. 
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felling-areas. The construction of this tramway was com, 
menced in August, 1890, and it was opened for transport by the 
beginning of December of the same year, but has now been 
removed entirely. The most recent level forest-tramway ig 
that 15 kilometers long at Eheintessen from Sprendling to a 
depot on the River Main, This depot covers an area , of 12i 
acres and affords convenient quays for lading boats with 
timber^ 

The forest-tramways in the German Vosges near Barr, 
Rothau and St. Quentin are the most important mountain, 
tramways hitherto constructed. Owing to the nature of the 
locality, consisting of narrow' \Yinding valleys, frequently with 
steep gradients, many difficulties were encountered diiriug the 
construction of these tramways, and deep cuttings, viaducts, 
bridges and double curves are frequent. Tims, the Schiriiieck 
■ tramway, 40 kilometers long, with a gauge of 70 ceutiineters, 
and worked by locomotive pow'er, Jiscends 501 meters [1,61‘2 
feet). The branch-lines of similar construction to that of the 
main line are 10 kilometers long, with a maximum gradient of 
TU%, 

[In the State forests near Schleltstadt on the river 111, in 
Alsace, that are liable to inundations and w’liere the con- 
struction of roads is very costly owiiig to the spongy natiue 
of the ground, short portaljle tramways are used to transport 
the lieavy oak and other timl)er to the hanks of the III. Tr.] 

For a discussion of the value and suitability of forest-tram- 
ways, as compared witli other means of transport, tlio reader 
is referred to p. 430 of the present book. 


>Section IV.— Wire-Tram ways. 

At the end of 1850, the first wire-tramw’ays of the simplest 
kind Avere erected in order to convey Irundles of firewood and 
faggots w’eighing up to half a cwt. down precipitous liillsides. 
A stout iron wire was used for tins purpose, which descended 
the valley with a gradient of 25—30 % and on which tlie 
transported material passed hanging by a hook, or a twmt^ 
withe. _ . 

This simple arrangement has led more recently to coutim^‘‘ 
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improvements at several places in Switzerland, the Tyrol 
and Germany, with the object of transporting larger pieces of 
^•ood, and especially logs and butts for sawmills. At present 
there are two kinds of wire-tramways, those with one or two 
wires. 

1. Double Wire-Tramways. 

These consist of two wires about 3 centimeters or 1 inch 
thick, each of them composed of a wire-rope made of 6 strands 



Fig, Giimlliscliwaiul wirc-tmmway. 

of wire closely twisted round a hempen cord and extending 
J'ithout supports from the top to the bottom of a declivity. 
^ ne serves for the descent of laden cars, and the other for the 
^scerit of the empty ones. The upper ends are fastened to 
trees and run over a pair of iron rails, wliich are curved 
inwards in front (Fig. 223). The lower ends are wound 
Jo«nd horizontal cylinders, which can be turned by means of 
cog-wheels, so as to stretch the wires (Fig. 224). 

^ log which is to descend the wire, is suspended from it 
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by chains from two wlieels (a a Fig. 225) running on the wii-e 
and kept at a suitable distance apart by a rod (b), 
arrangement is termed a truck. AVere the laden truck left 
to itself, it would descend with constantly increasing velocity 
down the wire, and smash the wood and itself at the end of its 
course. In order to prevent this and control the course of the 
truck, a second and more slender wire {S Fig. 225) is attached 
to the rod (6), and is wound round two rollers at the upper eml 
of the tramway, so that the truck may be let down and (Inuvu 



I'ig. 22 (.11(1 (if a wirr tiiiiuway. 

up again empty. These rollers also serve as a brake to regulate 
the speed of the truck. 

The wire*tramway at Giindlischwand in tlie GriiidehvaW, 
which is shown in Figs, 223 and 224, is 4,300 meters (say 
14,000 feet long), and the wires hang quite freely without any 
support at an angle of about 26 degrees. Another double 
wire-tramway has been constructed in the forests of the Count 
of Stolberg-AA^ernigrode. It differs from the preceding one 
owing to its moderate gradient and because the wires are 
supported at several points by bent iron rods (Fig. 
attached to horizontal poles (wi) supported by trestles. 

In Fig. 226, (a) is tiie wire and {c) wheel of the truck 
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This tramway is supplied with a special windlass for dragging 
logs up to it from distances of 200 meters by means of a wire. 



The Prince of Schwartzenimrg has similar wiie- tramways in 
his forests in Bohmerwald. The largest wire-tramway of this 
class is at Boveredo, and is 5 miles 
long. 

[Ill the Bamsu wire- tramway in 
Tihri-Garhwal, in India, described in 
“ Indian Forester,” August, 1897, page 
283, there are 3 spans with a total 
length of 1,825 feet, used to connect 
two sledge-roads, Bullivant's patent 
steel J-inch diameter wire-rope. Two 
spans (634 and 432 feet) single wire, 
other span 759 feet, the steepest, 

•iouble endless wire riiimiiig round 
two drums with vertical axles. Oak 
saddles are used to support the 
sleepers as they reduce friction, 
ension applied by means of rough 
winches. The double wire works 
^st, aud 250 sleepers per diem were 
^ 20,000 sleepers had been passed down, wear 
^ oar was so great, that carriage by coolies at 8 pies per 
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sleeper was equally cheap. However, the construction of the 
wire-tramway reduced this charge by 25 % from 1 anna to 
8 pies. The gradients are 26 and 27 degrees for single 
wire and 31J degrees for double wire. — Tr.] 

2. Shigle Wire-Tramivays, 

In single-wire tramways, the laden and empty trucks travel 
at the same time on a single wire ; otherwise their construe- 
tion is similar to that of the double- wire tramways, the only 
peculiarity in this case being the arrangement for allowing the 
empty and laden trucks to pass one another on the wire. 



To allow for the possibility of tliis, at the niklille of 
the wire, wliere the trucks cross one another, a so-crtlled 
transfer-station is arranged as follows : a workman stationed 
on a scafTalding lifts the empty truck from the wire and 
replaces it beyond the descending truck so as to allow the 
latter to pass. 

An automatic siding has, however, been invented, as shown 
in Fig. 227 : at a short distance above the wire, is fixed, on the 
poles (c d) which serve to support it, a rod {e c df ) for the 
passage of tlie empty truck. The part of this (e c), jointed to 
the remainder by a hinge at (c), has also a counterpoise, so 
that it remains parallel to the wire unless pressed-down by the 
weight of the truck, (c d) is fixed parallel to the wire, and {dj) 
is also jointed at (d) and meets the wire at (/). The empty 
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truck B on reaching (/) ascends {f d) and passes from (d) to 
(c) whilst the laden truck passes under it, and then rejoins the 



wire by pressing down {c c). The laden truck .1 on reaching 
(/) lifts up {d /) and passes on its way. 

The first single wire-tramway was constructed in Schlieren- 


a 



FifT. 220.— Truck. 

near Alpnach, in Canton Unterwalden, in Switzerland, it 
a length of 2,100 meters (1 mile 3 furlongs) and is sup- 
Wed at numerous points, with a gradient of 35 %, It differs 
•^9ni the trapjway just described by the fact that the wire is 
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supported at the end of horizontal rods to which it is fastened 
by plates and bolts, so that the wheels of the truck may pass 
freely over it (Fig. 228). The iron rod of the truck supporting 
the log is also bent outwards (Fig. 229). 

Single wire-tramways have been constructed in the Salzkani- 
mergut, in Carinthia, and other places on the southern declivity 
of the Alps. In Canton Tessin, Switzerland, there are 141 
double or single wire-tramways. 



Fig. Forest-trf\mway in the Sihlwfild. 
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CHAPTEB IV. 

WOOD TRANSPORT BY WATER.^ 

Transport of wood by water consists either in floating 
logs, scantling or firewood, piece by piece, down streams, 
or in rafting them, after they have been bound together 
in rafts. 

This is the oldest form of transport known, and is referred 
to in the Bible in 1 Kings v., when Solomon rafted large 
cedar logs from Tyre for the eonstruclion of the Temple at 
Jerusalem. In the Roman provinces of Germany, only logs 
were floated, the floating of firewood being a more recent 
industry. At present, timber-transport by water is carried 
on more or less in many streams, especially in monntaiii- 
regions where it is most highly elaborated. 

Section L~Floating. 

Under this section the floating of single pieces of wood to 
their destination will be discussed. 

The section describes : — the natural suitability of any 
stream for floating ; artificial improvements of streams ; 
erection of the works necessary for the maintenance of a 
proper supply of water and for catching the wood at its 
destination, and the methods employed in floating wood. 

All streams cannot be used for floating wood : they may be 
too weak or too strong, with too narrow or too wide beds ; 
they are sometimes too winding ; bad banks, rocks, boulders, 
otc., nia^ interfere with the floating in an otherwise suitable 
8tfeam, or floods may effect serious damage. In the most 
avourable cases similar protection must be afforded to the 
rating-channel, as to a stream driving water-mills or other 

little literature about water-transport of wood. The best 
Forster ; “ Das forstliche Transport weseii.” Vienna, IS.S5. 

Die Geschicte der oberen Kinzig.” ISiVi. 
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hydraulic works, and manual labour is required to conduct 
the floating. Hence floating has become a highly elaborate 
undertaking, in the carrying - out of which many costly 
constructions and protective works are needful. 


1. C{)7iditio?i8 neces$ary for Streams to he Vtilizable. 

Independently of artificial improvements which may be 
effected, a watercourse used for floating timber must possess 
certain natural peculiarities, depending on the direction, 
power and fall of the stream. The direction must eventually 
lead to the timber-markets, however much the stream may 
wind on the way there. Not unfrequently artificial channels 
are cut in order to shorten the course of the stream. 

The minim um width admissible is the length of the logs to 
be floated, as, unless they have room to turn, constant blocks 
will occur during floating. Only in the case of artificial 
floating- channels, where the banks are quite smooth, and 
butts for saw-mills are floated, may the width of the stream 
be less than the length of the logs. 

The maximum width of a stream used for floating depends 
on the possibility of securing and extracting all sunken wood 
by means of ordinary appliances. Even with the best 
management some of the heaviest logs will sink, and this 
sunken wood is either carried along the bottom of the stream, 
or sticks in holes in its undermined banks. In very broad 
streams sunken wood cannot be guided to the shore or other- 
wise secured. Hence, unless the logs are being rafted, the 
breadth of streams used should not exceed that of a large 
brook, or small river. 

The depth of the water is also an important point; this 
should be sufficient to float water-logged timber which will not 
quite sink, without danger of its grounding on the bottom oi 
the stream. Long and slowly running streams should be 
deeper than rapid streams, which carry the timber better 
where the distance for floating is short, and there is, there- 
fore, less chance of the wood becoming water-logged. When 
large, round timber is floated, a greater depth is necessary 
than for poles and split wood, which are easier to float. 
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When thoroughly dried, all woods indigenous to Northern 
Europe will float, but heavy, broadleaved species lose this 
faculty much more quickly than coniferous wood ; so that 
while the latter may be floated in the round for great 
distances, this is not possible with the former. [Of 
coniferous wood, that of pines and cedars rich in turpentine 
floats much longer than that of spruce and silver-fir. 
Experience in India has proved this fact. — Tr.] Gene- 
rally water-logged wood floats vertically. The best depth 
for floating coniferous logs and split pieces of hard- 
wood is one and a half to three feet, as then the work- 
men always can wade into the water to secure the sunken 
wood. 

There is no necessity for any uniform fall in a stream, and 
most streams used for floating timber vary greatly in this 
respect. The best fall is to yo> then the wood descends 
rapidly and is guided easily by the w'orkmen ; there is also 
little wear-and-tear owing to the pieces dashing together or 
against rocks, that may also cause continual l)locking of the 
stream and necessitate severe labour to set the logs floating 
again. Floating, however, has to be undertaken frequently 
with a fall, less or much greater than the above. In the 
latter case, cascades have sometimes to be passed, and much 
timber is lost. 

Rafting can be done with much less fall, and artificially - 

constructed or improved rafting-streams have falls of only 

-1- tn 1 
500 500 * 

The last point to be considered in the practicability of 
a stream for floating timber consists in the possibility 
of damming its tributaries artificially, so as to collect 
temporarily a much greater head of water than it usually 
bolds. 

There is much periodical variation in the amount of water in 
a mountain-torrent, and sometimes a formidable, destructive 
torrent may be seen where a few w^eeks later there will be 
merely a little thread of water. In other cases a stream may 
always too low for floating, but by collecting the water of 
tributaries, enough water may be obtained to float down a 
sweep of logs. 


A A 2 
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2. Improvement and Maintenance of Watercourses for 
Floating Wood, 

No watercourse is constantly fit for floating without some 
artificial improvement, but all streams are not susceptible of 
the same amount of improvement ; in many cases the low 
value of the timber to be floated will not allow of much 
expenditure at a profit in this direction, and sometimes the 
forester has to put up with the mere maintenance of the 
natural state of a stream. Hence, the works on no two 
streams used for floating resemble one another. In the 
following pages the most perfect methods of improving and 
maintaining a floating-channel are described, so that the 
forester may select what is practicable in any particular case. 

The improvements consist of increasing the head of 
water in a stream according to requirements, beyond its 
average quantity ; regulating the course of a natural stream; 
constructing an artificial channel to replace it, and booms to 
stop and collect the floated materia). 

(a) Increasing the Head of Water in a Stream. 

Besides rivers such as the Inn, the Isar, the Oder, etc., 
which are constantly used for timber-floating, nearly all 
German mountain-streams require arrangements for raising 
the average height of their water. It is especially the higher 
parts of streams, near their sources, where this is most 
necessary, for there they contain the least amount of water 
and pass through forest areas where floating is most neces- 
sary. The means used for increasing the water are ; — 
and ponds, feeding- canals, dams and tanks. 

i- Lahs and Ponds, 

In valleys and mountain-depressions at a high elevation, 
natural reservoirs such as lakes and ponds are of frequent 
occurrence, especially in high mountain-ranges with masses of 
snow and glaciers, where lakes of different sizes are frequently 
found in the upper stages of the side-valleys. These pet* 
manent water reservoirs are very valuable, for they usually 
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lie along the line of floatage, and by means of a simple sluice 
at the outlet of a watercourse from a lake, the level of the 
latter may be maintained high enough to furnish a good head 
of water for floating wood down the stream. Many lakes are 
thus utilized, 

A small lake from which a side-stream passes into the line 
of floatage, or which may be connected with it by a canal, 
may also be utilized similarly, and in both these cases the 
dams to be constructed are similar to those that will be 
described further on. 

ii. Fesdi}i{j-canaJs. 

Instead of lakes and ponds, watercourses near the floating- 
channel may be utilized to raise the water-level of the latter 
by leading their water into it. A mountain -range, through 
the principal valley of which the floating-channel passes, is 
often a rich water- collecting basin, its springs and brooks 
running through the forests ; if liere, not only the less impor- 
tant springs, but also the brooks of adjacent valleys, are united 
to the floating-stream by canals, and its tributaries provided 
with sluices, the best possible measures will have been taken 
to gain a sufflcient water-supply. 

Lines of levels should be run for these projected feeders, 
which often must be conducted round spurs and precipices so 
as to secure, if possible, a uniform fall, which should rarely 
exceed 3 or 4 %, or serious damage may ensue. Sluices are 
required where the feeder leaves the brook the water of which 
is to lie utilized, and also where it joins the floating-channel, 
so that swollen torrents may be avoided, and water admitted 
to the latter only when it is required. It must not be sup- 
posed that it is always a difficult matter to lead water from 
one basin into another, for in the upper parts of a raountain- 
several streams may be quite adjacent, which diverge 
^'Hlely lower down ; the feeding-canals also are not difficult to 
ooiistruct, being usually mere trendies dike those used in 
‘^^igating meadows, and it is usual to utilize only tributaries 
the same stream that eventually join it lower down. 

The direct line of floatage is not often supplied by feeders, 
'^^hequently they are used to till reservoirs. 
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iii. and Rmrvoirs. 

Whenever lakes and ponds are not available, the water of 
the floating-stream itself may be dammed-up, and thus a 
stronger head of water obtained. This is secured by means 
of a dam furnished with a sluice-gate, that is erected 
transversely across the valley in which the stream runs so as 
to maintain the level of the water behind it. A reservoir is 
thus formed, the water in which may be made available for 
floatage when required, by opening the sluice-gates. 

There is much variety in the mode of construction of dams, 
and according to the material used for them, they are made 
of earth, wood or masonry. The chief point is to make the 
dams and sluices watertight; cemented masonry-dams are 
best in this respect, but earth-dams are superior to wooden 
sluices. 

(a) Earth-damg. — Earth-clams are formed of heaps of earth 
at the ordinary angle of repose for the material used, as 



shown in Fig. 230, Which gives the section of such a dam. A 
facing (a) of clay or loam is added to the dam on the side 
near the reservoir, to make it watertight, and another vertical 
layer of clay or loam (a^) in the middle of the dam will prevent 
rats from perforating it. In order to strengthen the work, a 
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thick facing of rough heavy stones is piled on the side of the 
dam, away from the reservoir. The impermeability of the 
dam by water is specially influenced by the nature of the 
ground on which it rests, and for its site, a place is therefore 
chosen where there is solid rock, or a clay bed ; if this is 
some depth down, it may be necessary to have artificial clay 
foundations. 

(b) Wooden sluices. — Wooden sluices have a framework 
of wood strengthened by means of earth or stones, usually 
the latter, in w^hich case the wooden framework is lined with 
clay and filled with stones. Fig. 231 shows the ground-plan 
of such a sluice, there being three -rows of partitions to be 
filled with stones. On the side away from the reservoir, these 
partitions are only half as high as the other two rows, and 
are planked over (c, c). A roof is usually placed over the 
sluice, and it is cro\Yned by a planked bridge. Buttresses 
{a a a a) of somewhat similar construction to the rest of the 
sluice are added to strengthen the structure. They may, 
however, consist only of coarse, dry, stone masonry ; b is the 
channel for the passage of the water in the direction m n, 
and is closed by a shiice-gate. 

Fig. 232 sliows another weaker kind of wooden sluice in 
the Black Forest, at Absdach, on the river Wolf. It consists 
of piles lioarded over, and strengthened, away from the reser- 
voir, by large blocks of stone between which an opening is left 
for the sluice-gate. 

(c) Masonry-dams. — These are built very strongly, chielly, 
or entirely, of large hewn stones. As a rule, however, they 
are only faced with hewn stones, the interior being filled witli 
rammed broken stones, or with gravel or rough stones 
imbedded in clay; buttresses are then required. 

In order to increase their strength, they are frequently 
made in a regular curved shape, the convex side of which is 
opposed to tlie water-jnessure, but in that case it must rest on 
either side on firm rocks, and then resists the pressure of the 
water like a great vat. 

Fig. 233 the plan and elevation ot a maeonry-dnin 
at HerrenwioH, in the Black Forest, with Uo Bluice-galcsih^^'h 
a a are smaller gates which are opened first to robeve 
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most highly perfected of all dams, and are used in the 
Bavarian forest, as shown in transverse section, in Fig. 234, 
The masonry rests on a foundation of piles, and the reservoir 
side of the dam is faced with hewn stones resting on cemented 
rubhle-masonry containing a thin layer of concrete. A wall 
of cement and clay bounds this structure, and a well-stamped 



Fi;;. 2'M . — Masonry and earthen dam in Bavaria. 


earth-dam is continued towards the valley. This mode of 
construction, and a liberal use of cement and concrete to a 
considerable depth in the foundations of the dam, mabe it 
watertight in the highest possible degree. 

(e) Sluice-gates, — The gates for the chief outlet of water 
from the reservoir are usually in the middle of the dam, but 
sometimeB at its base, The sluice-gates open usually into a 
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channel, which conveys the rush of water at some distance 
from the dam into the natural bed of the stream. This pro- 
tects the lower side of the dam from being undermined by the 
water, and is specially important in the case of wooden sluices 
and earth-dams, as in Fig. 231, m fc n. The sluice-gates are 
closed by various contrivances, and they may be distinguished, 
according as they open with a rush, like ordinary sluice- 
gates, or are raised gradually, as in the case of vertically 
opening valves. 

(f) Sluice-gates opening in the ordinary way. — This is 



Fig, 23r).— Sluice-gate. 


effected by means of hinges, but the gates are closed by 
various contrivances. The usual method of closing them is 
shown in Fig. 235. A is the gate revolving on hinges at u. 
B is a revolving elliptical cylinder of wood, which is kept 
closed by means of a peg {h)^ a lever placed between h and 
the wall of the dam and the pressure of the water in the 
reservoir, until the lever {>n) is withdrawn ; the pressure on 
^ then causes it to revolve on its axis through an angle 
of 90° and present its smaller diameter to ^4, so that the 
latter can open, b entering a recess in the wall made to 
receive it. 

Another mode of opening a sluice-gate is shown in Fig. 236; 
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as long as the end (m) of the lever (s d m) rests against the 
peg (&), the cylinder is kept closed, but when s is pressed 



23 G. — Sluice-gate. 



Fig, 237,— Shiicc-gate. 

down, h is released, and the gate opens. This mode of 
opening is used cljiefly when the walls of the dam are high. 
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Fig. 237 represents another mode of opening sluice-gates, 
where the bar (m) is fastened back by an iron pin which fits 
through a projecting stone at P, and can be easily withdrawn. 

[In the case of all the above sluice-gates, there is danger 
of the gate swinging violently against the wall of the dam, 
and being broken or injured. This is avoided by having the 



Fig. 238. — Eartlieu ilam with sluice-valve, 

at a short distance from the wall, so that when the gate 
IS opened, there may be a passage for the water between the 
and the wall of the dam ; the intervening water then 
breaks the force with which the sluice-gate swings, and 
prevents its striking the wall. — Tr.] 

It is evident that when the confined water of the reservoir 
presses with all its weight on the whole sluice-gate, on 
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opening the latter, the violent rush of >Yater would damage the 
banks below ; such gates can therefore be used only where the 
watercourse below has steep rocky banks. They have- also 
the disadvantage, that the sudden rush of water may not be 
able to carry downstream all the wood which is lying on the 



bed of the watercourse, so that 
much of its effect is lost. In 
the Tyrol, self-opening sluice- 
gates are used, which open when 
the reservoir is full. 

(g) Sluice - valves. — Sluice - 
valves are used in well-con- 
structed Hoating-channels and 
wherever the banks need pro- 
tection against the downward 
rush of water, so that the 
amount of water passing through 
the passage in the dam may be 
regulated at will. These valves 
are opened by means of a lever 
tilting into cogs, a ratchet pre- 
venting the descent of the valve 
(Fig. 238). In the Absdach 
sluice, the so-called ladder sluice- 
gates are adopted, the construc- 
tion of which may be seen in 
Fig. 232. In order to avoid the 
use of heavy valves, two smaller 
ones side by side may be used, 
or several, each of which works 


in its own groove and may be 
y 1 ", 2M,— Sluice- valve. • i i i • • hv 

raised by a revolving axis oy 

means of rollers and chains, or winches. 

The mechanism for raising these heavy valves with a small 

expenditure of strength should be of a very simple nature. 

Fig. 239 gives a simple combination of cog-wheels and endless 

screw for the purpose. This mode of raising valves is in 

general use for the tanks which will be described lower 


down. 
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(h) Sluice-gates made of logs. — The roughest method 
adopted for closing sluices is to place a number of round logs, 
split in half, vertically alongside one another, with their 
ends resting against two strong beams above and below. The 
crevices between them are then stopped with moss, and a pile 
of earth is often made behind them. When it is desired to 
release the water, a hook attached to a rope is passed through 
an iron ring in the central log, which, on being lifted, is 



Fig. 240. — Flug-valve. 


carried down by the water ; the other logs are similarly lifted 
out of the way. 

Balks of wood one above the other also may be suspended 
horizontally, as is usual in the Black Forest, by chains before 
the opening, as shown in Fig. 233. They are raised one after 
the other by hooked poles. Fig. 240 shows the so-called 
plug-valve which is much used, especially in Austrian Silesia. 
The valve fits vertically into a channel (a) excavated under 
the dam and projecting 4 or 5 yards into the reservoir, where 
^t is strongly closed, the open end of the channel leading 
^^wn-stream. The end under the reservoir is open at in and 
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can be closed by a conical plug (n) which is raised by means 
of a vertical bar and screw (b) ; (p) is a plank bridge for 
giving access to b. The chamber in which this plug plays is 
covered with a fine grating to exclude rubbish. This kind of 
valve weakens the dam much less than any other form of 
opening for the water, and the water can be allowed to pass 
through the channel as gradually as one could wdsh ; it is 
however very liable to become filled with silt and mud, that 
are removed with difficulty. 

All sluice-gates must allow for an overflow of excessive water 
from the reservoir and also for passing a small quantity of 
water into the floating-channel before the principal sluice- 
gates are opened. The principal rush of water, which is 
required for floating, passes through the sluice-gates, of which 
there may be several in the case of large dams, but when once 
the reservoir is full of water, any more water coming in must 
be allowed to escape, otherwise the top of the dam would be 
injured. For this purpose, therefore, a small channel is 
generally provided at the top of the dam, unless there is a special 
gate constructed for this purpose. It may also be necessary 
to completely drain the reservoir of water, in case of repair.s, 
or to free it from sand, gravel, etc. ; for this purpose a third 
opening may be necessary lower down than the principal 
gates. It is usual to admit a little water into the floating- 
channel so as to set the logs slowly in motion, before the chief 
rush of the water comes. This can be done at pleasure by 
means of sluice- valves, but where there are sluice-gates a 
special opening must be made in the large gate for this 
purpose, unless the floating-channel is provided with a small 
quantity of water by a side -channel, opening with its own 
sluice-gate. The size of the principal sluice-gate depends 
on whether it serves only for the passage of water, or for 
the wood as well, and in the latter case it must evidently be 
4 or 5 meters broad (Fig. 232). 

(i) Dimensions of Dams. — Dams vary much in size ; tbeie 
are some dams which maintain reservoirs capable of 
submerging a whole valley below them; these are 450 W 
long, and over 65 feet in breadth, and in their construc- 
tion a considerable amount of capital is invested, whilst 
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others can raise the level of a stream barely above its full 

strength. 

The more a watercourse is encumbered with boulders and 
rocks, the lower the dry- season level of its water and the 
longer its course, the more plentifully should water be 
supplied. Sometimes in such cases dams are constructed 
^Yhich allow of a depth of water in the reservoir, at the dam, 
of 15 to 30 feet. Well-constructed floating channels with a 
small and uniform fall require much smaller dams. 

Generally large reservoirs are preferable to small ones, even 
though they take a comparatively long time to All, as their 
effects are more proportional ' to their cost, and the floating is 
more certain than where several small dams are constructed. 
Very large dams have been made in Carinthia and the southern 
Alps, and in Austria and Hungary. 

(/c) Position of Dams.— The principal dams are made always 
ill the uppermost parts of a mountain-valley, and their effect 
reaches for several miles down, so that in many valleys no more 
dams are required below the principal one. In other cases, 
however, there are floating-channels with several small dams at 
distances apart of from IJ to 2 miles. 

Dams are intended, as far as possible, to drive the (^ainage of 
a locality into the watercourse which is used for floating. 
Watercourses, however, contain least water near their sources, 
but are here most in demand for floating purposes. It is there- 
fore necessary to utilise the first weak run of the water, and 
wherever it is possible to do so, a strong dam is erected near the 
very top of a valley, so as to collect as much water above it as 
possible. 


A site is therefore preferable for the principal dam 
where the sides of the valley approach one another with 
rocky walls, whilst above this gorge is a basin-shaped 
expanse of valley. Such places are often found in mountain- 
ous regions. 

Care must be taken that the water entering a reservoir is 
fairly free from silt and gravel, which would soon render it too 
shallow for use. Wherever this is not the case, special works 
^^ist be constructed to keep out the sand, etc. ; these will be 
^^scribed further on, under the heading “ Weirs.” 
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iv. Tariks. 

Dams can be constructed across a stream only in narrow 
mountain-valleys where they can rest on mountain-spurs on 



Fit;, 242.— Shiicc-gatc ol the tank A. 

where there are meadows, cultivated lands and perimps 
houses, which a dam would obviously inundate, while its cost 
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would be prohibitive, owing to the large amount of compen* 
sation involved, it may, nevertheless, be necessary to obtain 
larger supplies of water for floating timber than the natural 
course of a stream affords, and these may be secured by 
constructing a tank. This is an artificial pond surrounded by 
strong embankments, that is fed by underground culverts, or 
by a canal bringing water from the upper part of the water- 
course ; thus water may be collected in the tank to swell the 
stream below it. 

There may be peculiarities of the locality that modify the 
mode of construction of tanks, but in this respect they are much 
less variable than dams. 

Figs. 241 and 242 represent a tank which has been con- 
structed at Wilgartswiesen, in the Bavarian Palatinate. The 
reservoir A is situated between the floating-stream t and a 
small mill-stream ?«. It is surrounded by strong embank- 
ments (d, d), 14 feet high, and is fed by the mill-stream, which 
bifurcates from the watercourse above the reservoir and is led 
along the hill-side with a gentle fall, so that at a it is about 
10 feet higher than the watercourse, which it rejoins after 
passing the mill J\L There are sluice-gates at a and h, the 
former for admitting the water and the latter for^its escape ; 
s, s is a cart-road along which is conveyed the wood which is 
stacked at /i, and there put into the stream. This tank holds 
280,000 cubic feet (8,000 cubic meters) of water, it can be filled 
once daily, and takes 2 hours and 40 minutes to run dry, float- 
ing 42,000 stacked cubic feet (1,200 cubic meters) of firewood. 

The embankments of tanks may be of earth or masonry, or 
half earth, half masonry, as shown in section in Fig, 242, 
Here A represents the stone-masonry, B the earth-work, a the 
sluice-valve, m the feeder, and t the watercourse. 

Tanks to assist floating have been constructed at several 
places in Silesia, Franconia, the Palatinate, etc. ; they are 
utilised in summer for irrigating meadows and cultivated 
lauds. 

V. IlWV.s. 

The works already described have for their object to increase 
quantity of water in a floating-channel, hut as soon as the 

B B 2 



372 


WOOD TRANSPORT BY WATER. 


accumulated water has run off, the stream resumes its natural 
level. 

Weirs, on the contrary, are constructed to raise the water- 
level permanently and moderate its fall and velocity. They 
consist of a shallow dam erected across a stream, the top of 

which is either 

above the water- 
level, so that the 
water must more 
or less increase 
in depth behind 
the weir before 
passing it. 

Fie. 21:?. — Wootlcn ov’ci fluw weir. 

Ihus we may 

have ground- weirs, below the surface of the stream; overflow 
weirs, between the highest and lowest levels of the water, 
and sluice -weirs which are provided with gates ; in the latter 
case, the quantity of water in the stream can be perfectly 
regulated. 

All these three kinds of weirs are employed in streams used 



Fi^'. 244.— Overflow' weir with slight fall. 


for floating ; they are necessary not only to divert water to 
mills and irrigation -canals, when the water is used for these 
purposes besides for floating, hut also to maintain a high 
permanent level of water in a floating stream. 

The construction of ground-weirs is very simple, they niay 
be composed of a ridge of stones, a stem of a tree kei)t 
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position by piles, or row of piles behind which sunken fascines 
or stones are placed. 

An overflow weir may be constructed either of wood or of 
stone : Fig. 243 shows a section of a simple wooden weir with 
a steep declivity ; Fig. 244, a weir with a slight fall. 

Stone - work is 

structed of hewn v o.- ^ 

21;).— stone ovoinow wcir. 

stone-masonry 

(Fig. 246) are preferable to rough constructions, but unless 
the watercourse has a rocky bed, piles must be driven in to 
serve as a foundation under the weir. 

The efficacy of any weir is measured by the height to which 
the water rises behind it, and the distance back to the point 



Ki)];. Stonu weir. 


^here the stream retains its former velocity, or ceases to he 
slack- water. Hence, in order to improve thoroughly a stream 
for boating, a succession of weirs should be constructed from 
slack-water to slack-w'ater ; in this way the average fall of 
stream will be reduced, a very important point in 
floating, 
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The slower the current, the further back the slack-water 
extends ; in sluggish streams, weirs may reduce the velocity 
of the stream too much for floating, and are useful only for 
diverting mill-streams from the main watercourse. Wherever, 
on the other hand, the current is rapid, it is evidently advan- 
tageous to keep the water back as much as possible; for then, 
independently of the advantages of a moderate current, the 
banks and works to improve the floating are secured much 
better against erosion, and the depth of the stream is 
rendered much more suitable for floating, an important 
matter when it contains much gravel and boulders. 

The most suitable places for weirs are narrow valleys between 
rocky banks, as in such places the water cannot damage the 
banks of the channel and cause inundations, even when its depth 
is considerably increased. 

In such places generally several consecutive weirs are 
required, so that the watercourse in certain cases becomes 
regularly terraced, with a succession of falls. As a rule, 
the number of weirs should be proportional to the rapidity 
of the current and the quantity of gravel and boulders in the 
stream. These weirs are not constructed all at the same time, 
but by degrees, as the space between any two of them becomes 
filled with silt and gravel, and therefore a new weir becomes 
necessary. * 

Besides the above-mentioned weirs, others also are required 
wherever any side-channel leaves the main stream to supply a 
mill, etc. Booms for collecting the floating wood also are 
erected frequently on weirs. The more remote the point where 
the water from a side-channel is required, the higher must be 
the weir which supplies it. 

It is evident that sand, gravel and boulders accumulating 
behind the weirs constantly raise the bed of the stream, so 
that the water will in time overflow its banks unless they are 
sulHciently high. This is dangerous not only for the banks, 
but also for the wood which is being floated and tends to leave 
the stream and become stranded. If then a rush of high water 
follows, much damage may be done to the riparian properties, 
for which the manager of the floating will be held respon- 
sible unless he has taken proper precautions. In all cases, 
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therefore, where such damage is to be feared, weirs should be 
furnished with Bliiice-gates, which may be opened when there 
is danger of a flood. 

Fig. 247 shows a section through the middle of a weir in 
which a sluice-gate is supplied, m o n being the section of the 
weir, and o m the sluice-gate with a sloping base (s ?n), 
enclosed by wooden horizontal walls; this gate is closed when 
the water-level is at its ordinary height, but can be opened in 
floods. 

More frequently, however, a ground-weir is erected with a 
number of sluice-gates arranged side by side, by opening 



'HI . — Weir witli slnice-wjitcs. 


which all the water may pass in high floods or the timber be 
allowed to float through. 

It has been remarked already that certain works may be 
necessary to keep silt, gravel or boulders out of reservoirs ; 
these works are merely weirs made of wattle- work or stone, 
across the small brooks which feed the reservoir, and thus the 
results of denudation of the hill-sides are kept from descending 
the watercourse. In addition to these weirs, the ordinary 
measures should be adopted for fixing the slopes on either 
side of a mountain -torrent, and keeping it stocked with forest 
growth. 

(b) Works for regulating the Course of a Natural 
Stream. 

There is not a single watercourse, which is naturally so suit- 
for floating timber, but that it may be improved by some 


876 


WOOD TRANSPORT BY WATER. 


artificial works, to render the floating more regular and to 
avoid damage. In strong or weak waters there are always a 
number of hindrances: the banks may require securing; it 
may be necessary to remove obstructions from the bed of the 
stream, by blasting, or otherwise; sometimes the current 
requires modifying, or bifurcations of the stream should be 
cut off whilst floating is in progress. 

i. StrerujUiming Uie Banh of Streams. 

Artificial works may be employed with advantage wherever 
the banks of a stream are too steep, or too sloping, or where 



Fig. 248. Fig. 24 (h 

Methods of strengthening the river bank, 


the breadth of the stream requires modification. High, steep 
or vertical banks of a stream, if not of hard rock, get uncler- 
mined and fall in, holes being formed in which the wood 
sticks ; or the material of the bank may be carried away and 
form an obstruction lower down the stream. Wood which 
lodges against the bank becomes at length waterlogged, and 
may be lost. Hence, all bad banks require facing. Wherever 
the bank is composed of mere earth, a slope of 25 to 30 degrees 
should be given to it, and it should be sodded or planted with 
willow-cuttings to give it firmness. If a current sets in 
against such banks they may be protected by wattle- work, 
a trench being dug along the bank, a wattle- work fence 
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constructed and the interval then refilled with earth well 
raramed-in. The earth bank may also be faced with ordinary 
stone-masonry, or merely with large dry stones, and the trench 
filled with broken stones or gravel. AYhere stones are scarce, 
fascines may be laid parallel to the bank, secured by means of 
stakes, and covered alternately with stones or earth. 

Other modes of protecting banks consist in a row of piles, 
which are driven-in in front of the place to be protected, and 
either bound with wattle-work, or planks or fascines fastened 
on inside them (Fig. 248). Where wood is plentiful the walls 
may be of logs 4 to G inches thick (Fig. 249), supported by 
stakes (a), and nailed together 
with long iron nails. It is, 
however, always better to 
employ stone- masonry for the 
purpose wherever stone is pro- 
curable, both to economise 
timber, and because the latter 
is not durable. Where stone 
is used for the purpose a good 
foundation must be supplied, 
as in Fig. 250, to prevent 
undermining, and a slope of 
about one in ten should be 
given. 

As great a hindrance to floating as steep banks, are hanks 
which are too flat, as the stream widens -out in such places, 
and tends to fall-off in strength, depth, and rate of current. 
The gravel and other material brought down from above 
accumulate in such places, forming shoals which the floating 
finiber only passes with difficulty, and many logs become 
stranded. Improvements thus have for their object to restrict 
ffie bed of the stream. 

The simplest method is to drive in a double row of piles as 
close to one another as the length of the logs which are floated, 
they demarcate the stronger water from the slack- water near 
either bank. The piles are high enough to overtop the highest 
tcvel attainable by the water, and the logs as they float down 
^tign the piles and exclude the dead water. 



Fig. 250.— Stonc-facing. 
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In some cases wattle-work is applied round the piles, other 
rows of piles are driven-in a few feet from the first rows, and 
the interval filled with stones, branches and sand. Finally 
solid parallel lines of masonry may be constructed, which are 
no other than dams running parallel to the stream and united 
to the old banks by wings ; they may be looked upon as artificial 
banks to the stream. 

The top of these dams must be of about the average level 
of the stream so that all flood-water passes over it, carrying 
with it silt and gravel which gradually fills-up the site of 
the slack- water. Sometimes where there is an extensive tract 
of slack-water, it may be covered witli a network of dams 
crossing one another, which gets filled with silt, etc. ; if these 
dams are raised gradually as the spaces between them become 
filled, the slack-water may disappear entirely, and the lateral 
dams be overflowed no longer at high water. 

ii. SlreiKjthenmi) Ute Bed of ihe Sir earn. 

The bed of a stream requires artificial improvement much 
less frequently than the banks. This is, however, sometimes 
requisite, in the case of mountain-torrents with stony beds, 
and usually consists in blasting-away the rocks and removing 
stone.s, which othemise might cause holes to form behind them 
in the bed of the stream, and thus catch the floating logs. The 
best season for these operations is the autumn, or whenever 
the water is lowest; the stones removed from the stream 
may he utilised to improve its Inuiks. It is, however, easy to 
do too much in the way of removing obstacles from the bed of 
a rapid stream: for if a floating-channel be freed from all 
impeding rocks and stones, which form so many natural weirs 
in its course, the stream often becomes torrential and its banks 
may he broken and inundations or other disastrous conse- 
quences ensue. 

Rapids may occur where the bed of a channel is narrow and 
steep, where the stream runs between rocks in passing from a 
higher stage in the valley to a lower one, and there is then 
likely to be difficulty in floating the timber. If in such places 
the bed be terraced (Fig. 251), floating will be much expedite 
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l)y making a network of logs which Is filled in with stones. 
The blasting necessary in such a place is, however, so difficult 
to carry-out, that frequently the wood is landed and passed 
down a water- slide and placed again in the stream further on. 



Fig. 2.-11. — Fixing the bod of a stream. 


Careful paving of the bed of a stream is not unfrequent 
at openings from tanks and to a certain distance inside the 
latter. 

iii. Recdfyinfj ihe Floating Channel. 

Usually the channel of a mountain-stream winds consider- 
ably as soon as it approaches the plain, and its current is thus 
reduced considerably. The w’ood, which is being floated, has 
therefore to travel far in order to pass over a comparatively 
short distance, and may become water-logged. Owing to the 
slight tall, inundations occur with every high water, the banks 
of the stream are injured and much wood stranded far and 
wide. 

Straightening the channel of the stream is then the best 
^ode of obviating these dangers. The stream is straightened 
making short artificial cuts between its bends and windings. 
Such a cut is commenced generally at several places betw^eeu 
points on the stream that are to be joined, the banks 
serve as dams until the channel is completed. In such 
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cases it may be even worth while to make tunnels for the 
water to pass, as at Hals, near Passau. 

Artificial floating-canals leading to a timber-depot are of the 
same nature as the above and sometimes run from one river- 
basin into another. 

The best known of these artificial floating-canals is that 
belonging to the Prince of Schwartzenberg, at Krummau, in 
Bohemia ; it is 35 miles long, of which 600 yards are tunnels 
leading from the centre of the forests to the river Miihel, 
which flows into the Danube between Lintz and Passau and 
brings down the yield of 35,000 acres of forest. 

Whenever a canal is dug, levels must be taken most carefully 
beforehand ; one in fifty is the best fall, though frequently 
unattainable. The canal just described has a fall of one in nine 
for a short distance, and one in the Bavarian forest a fall of 
one in five. In such places, the bed of the canal must be 
paved, or terraced, as already described. 

In the latter case, the upper section of the canal is only 4 
to 5J feet broad, and IJ feet deep ; it brings down very large 
butts for the saw -mills. It is there constructed of blocks of 
granite ; lower down, its banks are made of wood, but in ISSi 
the floods proved too much for these wooden eonstruetioiiB. 
In the lowest section, where there is much more water available, 
the width of the canal is 10 feet. 

In constructing such canals the chief point is to secure a 
good supply of water, owing to the snowfall in mountiiiiioiis 
regions this can generally be done. The line is then taken, as 
far as possible, through all adjoining mountain- streams, or it 
is supplied with water by reservoirs and dams. 

iv. Lateral linoms. 

All streams used for floating have branches either natural or 
artificial, and arrangements must be made to keep the wood 
out of such bifurcations, or in certain cases to conduct it into 
a side-stream. To effect this, lateral booms either floating, 
or fixed in the bed of the stream, are required. A thoroughly 
dried aprnce-Iog fastened to the bank of the stream by withes 
and floating in the water in front of the side-stream will often 
suffice. 
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Should the width of the stream be so great that this is not 


sufficient, a chain of two or 
more logs (Fig. 252) attached 
together either by withes or 
iron rings may be substituted. 
These are floating booms. Wher- 
ever a boom has to withstand 
a great pressure, as, for instance, 
where numbers of saw- mill 
Initts are being floated, or the 
floating wood is being driven 
from the main stream into a 
bifurcation, a fixed boom 
(Fig. 253) should be constructed. 
In this case, piles (/a vi) are 
driven into the bed of the 



stream and are supported by props (s s). The logs forming 

the boom are then 



attached to these 
piles and close the 
stream. One row 
of logs is often 
insufficient, and 
then two or more 
logs are fastened 
together and 
placed in front of 
the piles. Such 
booms will not, 
however, stop 
AY a t e r - 1 0 g g e d 
wood ; when there 
is much of this, a 
more elaborate 
boom is required, 
the construction 
of Avhich will be 
described further 


Fig 263.— Fixed lateral boom. 


on. 
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V. ArressibiHi?/ of the Bank^ of the Stream. 

Accessibility of the banks is another necessity whenever 
a stream is used for floating timber-. The water must be 
accessible at least from one of the banks by a good foot-path, 
BO that the workmen may be able to fasten logs to the shore, 
push off stranded logs, or land timber, and move about 
expeditiously. 

The only difficulty in lower mountain- valleys and level 
ground is to come to terms with the riparian owners about 
sites for the construction of booms, etc. In the higher 
mountain passes, however, steep precipices often line the 
banks of narrow gorges, through which the stream passes, 
and the logs can be controlled by the workmen only at great 
risk to their lives. Such gorges are especially common 
among limestone rocks ; they form passes between the higher 
and lower stages of the valleys, the water falling in a series of 
cascades among large boulders and masses of rock. The 
floating wood is constantly sticking in such places, and a 
whole sweep of timber may thus be stopped. In order to 
prevent this mischance the gorges must be made passable; 
often a pathway is constructed with wooden galleries sup- 
ported by numerous iron bars and wooden beams let into the 
rock, and connected with one another by steps cut in the 
rocks, and by ladders. 

3. Booms. 

Booms are constructions intended to arrest or divert the 
passage of all floating wood at a fixed point in a stream. 
All floating timber is stopped or diverted by the boom, and 
where large sweeps of timber come down, the boom has to 
resist considerable pressure and must be very strongly con- 
structed ; its site also should be situated favourably for the 
purpose in view. 

Booms, therefore, vary from those of the simplest nature to 
colossal structures costing thousands of pounds. Most of these 
booms are constructed by ordinary woodcutters or floaters, 
who from long experience in the work frequently show great 
ingenuity; some of them may even be classed as engineers. 



FLOATING. 383 

But for the very reason that the nature of booms depends 
on local conditions, no constructions are more varied, and 
hardly any two booms are alike. In the following paragraphs, 



264,— WixKlen prating to serve as a txwm, 


therefore, some characteristic forms of booms only will be 
considered. 

(a) Mode of construction. — There are three essential points 



Fig. 255. — Transverse section of alxive. 


the construction of a boom : the supports, the horizontal 
which stop the sweeps of timber, and the grating of rails 
that surmounts the boom. 
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Booms may be divided into two classes, according as the 
grating is vertical or oblique, the largest and most important 
belonging to the latter category. 

Fig. 254 represents a simple form of wooden boom with a 
vertical grating which has to resist a moderate pressure only ; 
Fig. 255 shows the section of a support to this boom, and m 
the grating and horizontal bars. Wherever in mountain- 
streams rocks occur on which the grating may be supported, 
they may be utilised as supporting piles for the boom ; but if 
such natural supports are wanting and the pressure of the 


Fig. Zijh. -Boom with stone supports. 

sweeps of timber is great, masonry-pillars must be erected for 
the purpose (Fig. 256). 

The horizontal bars are constructed of large balks of 
timber, which are bored through in order to allow the rails of 
the grating to be inserted ; or they are composed of throe 
balks, the middle one perforated to support the grating, 'i'he 
lower bar is placed frequently at the water-level (Fig. 254), 
where it is best preserved. 

In the case of large booms required to witlistaiul the 
pressure of large sweeps of floating wood and powerful streams, 
oblique gratings are used. It is evident that such an 
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arrangement will withstand a much greater pressure than will 
vertical gratings. The inclination of the grating to the surface 
of the water varies, depending on the absolute weight and 



Fig. Support of an oblique boom. 


stability of the rails which form the grating. Where'these rails 
are large — in large booms they often attain lengths of 20 to 25 
feet and a thickness helow of 8 to 10 inches- the inclination 



Fig. 258. — Oblique boom with masonry supports. 

the grating may be 60 degrees, but otherwise it is placed 
®ore obliquely, say, at an angle of 25 to 30 degrees. 

rails of the grating are always round pieces, barked 
spruce or larch, with their thicker ends in the water, and they 
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rest without any support on the bed of the stream. In front 
of them, floating spruce stems are placed to take the shock 
of the floating wood from the grating. Where the stream is 
broad and the grating long, supports are also necessary, their 
simplest mode of construction being shown in Fig. 257. 

The supports of large booms require, above all, a solid 
foundation : in the case of wooden supports, piles are driven 



Pig. 2r>9, — Boom with removable grating. 


sufficiently deep into the firm (rocky) bed of the stream ; wltcn 
there are masonry- supports, a firm foundation of piles is sup- 
plied, in case a rocky base cannot be reached. Fig. 258 repre- 
sents a large boom over the river Eegen, at Regensburg ; 
this and other large booms the supports are similar to those 
used for large bridges, they are arranged with their longest' 
sides parallel to the stream so as to offer as little resistance to 
it as possible. Of a similar construction is the large boom at 
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Baden, near Vienna, also that over the Ilz at Passau, the boom 
nearly a kilometer (f mile) long at Brixlegg, and other large 
booms. 

What enormous pressure such booms have to support, 
especially in floods, may be imagined easily from the fact, 
that floating timber often accumulates behind them to a 
height of 15 to 20 feet and sometimes even overtops them. 
In such cases, as has been already remarked, not only must 
the construction of the boom be of the strongest possible 
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eliaracter, but also tlie locality must he s[)ecially adapted 
for it. 

In the ease of many booms, ^vith either vertical or oblique 
gratings, the latter are placed iu only during the floating 
season, and for the rest of the year are removed and kept in 
sheds on the river-banks. This cannot be done always, when 
f'he grating rails arc very large and weigh several liiindred- 
^eights each, but even then, part of the grating must be 
removed if the stream is to remain navigable, or passable by 
rafts of wood. In such cases, the rails are provided with 
strong iron rings so that they can be raised by means of 
hooked poles and placed on the horizontal bars, and on a 
planked footway constructed behind the latter. 


c c 2 
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Water-sawmills always require booms to keep out the float- 
ing wood which is intended to pass beyond them. Such booms 



Fig. Ti-eslle for a boom. 

must be constructed so that pari of the grating may be readily 
removable and allow entrance for the butts which are to bf 



Fig. 262.— Trestle boom. 

sawn. The grating is, therefore, frequently provided ffdb 
the arrangement shown in Fig- 259. The hooks at n w ^ 
for the removal of the rails, each of which is perforated lor 
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the admission of a wedge to keep it in position when raised, 
the wedges resting on the bar {a a). 

Besides the above usual kinds of booms, special, local booms, 
such as trestle-hooms, portable booms and booms with gabions, 
are in use, of a cheaper and simpler mode of construction. 
They are used chiefly for temporary floating, or in the case of 
streams subject to such high floods that the construction of 
more elaborate and expensive booms is not advisable. They 



26 :L— Moveable support for booms. 


are therefore re-made every floating season, and then broken- 
up, ami are prevalent chiefly on the south side of the Alps, in 
Havoy, the South Tyrol, Carinthia and other districts. 

The essential feature of a trestle-boom is a three-legged 
trestle (Fig. 260). These trestles, strengthened by the traiis- 
pieces (a d), are placed in a line across the stream so 
that one foot of each projects somewhat over the foot of the 
trestle next to it, and the tops of all the trestles are about the 
Same height above water-level. Thus different-sized trestles 
are required according to the depth of the water. In the case 
uf large trestle -booms over strong streams, a second row of 
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trestles is placed behind the first to strengthen it, one of the 
feet of the second row crossing the feet of those in the front 
row. This crossing of the feet of the trestles strengthens the 
boom in a very marked way. 

After all the trestles are in position in the water, the bars 
{b b h) are nailed on to them ; they are intended to support 
heavy logs with which the trestles are loaded, to add weight 
to the boom and render it firmer. As the trestles are not 
imbedded in the ground, but only rest on it, they would 
not withstand the force of the stream if they were not 
heavily weighted. Further weight is added by placing stones 



and boulders above the logs which rest on b h h. Supports 
for tile rails are then nailed on to the trestles, the rails 
fastened to them with withes, and floating logs placed in front 
of the rails. Fig. 262 represents a form of trestle-boom 
common in S. Alpine countries. 

Portable booms form another class which may be erected 
and removed at pleasure, but their mode of construction varies 
considerably. Fig. 263 represents a section of such a boom 
with a permanent base, which is used in streams where sudden 
floods occur, as in Lower Austria, the rivers Ziller, Gail, etc. 
Tlie fixed base is composed of a beam {a) and piles {c c ) ; 
llie latter the trestle-beams (w m) rest, and the grating-r^^^^® 
{d d) are supported by pieces (h h) which are bolted to ii>- 
Another kind of portable boom is used in Nadworna, bi 
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Galicia, in which three twisted wire ropes are stretched as 
tightly as possible one above the other and supported by 
trestles at distances of bO feet apart. 

Another kind of boom is formed of gabions (Fig, 264), as 
used in Yenezianisch and other places. Here, instead of 
wooden or stone pillars, gabions of basket-work filled with 
stones are used, which support the horizontal bars and the 
grating-rails. The gabions are placed in a line across the 
stream at distances of 5 to 15 meters (16 to 48 feet) apart, 
according to the strength of the stream, and are tall enough 
to be above the highest water-level; their height varies, 
therefore, with the depth of the water in which they are 
placed. Planks are then placed from gabion to gabion, form- 
ing a footway, and stout poles (a a a) are bound to the 
gabions by means of withes. The grating-rails {h b) are then 
bound to c outside the water and let dowm into it from the 
footway, till each rail rests on the bottom of the river. The 
several rails are bound by withes to a a a, and along the 
grating floating logs are placed. 

These gabions have the advantage of costing little, of being 
erected in a short time by the floating-gang and of being 
repaired easily. At the same time, they are not durable, and 
are often overthrown by heavy floods, to which they offer a 
large, exposed surface. They are adapted specially for smaU 
temporary sweeps of floating timber, chiefly on unimproved 
mountain-torrents. 

Finally, floating booms must be mentioned. They consist 
for the most part of spruce-logs which are united at their 
ends by iron rings and fastened together in sufficiently long 
chains. These chains of logs are fastened at one or both 
ends, and float on the surface of slowly flowing streams, on 
which floating is done only occasionally. In order to give 
them a greater power of resistance, some of the logs are 
anchored to the bottom of the river. In spite of this, how- 
ever, they cannot resist a sudden flood, as has been often 
experienced, in the breaking of such booms, especially if the 
stream is fairly strong (the river Inn) . 

[In the river Jumna, at Daghpathar, a boom is placed at a 
point where the river is 120 yards broad. It consists of two 
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portions, a raft 354 feet long, constructed of railway-sleepers 
as shown in Fig. 265, and a line of logs. The raft is fixed at 
one end to a rock on the right-hand side of the river, and kept 
obliquely inclined towards the current by wire ropes anchored 
to the other bank. This portion of the boom is placed in the 
full current of the powerful stream. From its other end extends 
a line of logs fastened end to end by a wire rope, and 910 feet 
long. The floating sleepers are stopped by the raft-boom, and 
then float along the line of logs into slack-water, when they are 
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Fig. 265. — Daghpathar boom. 
Drawn by A. G. Hobart-IJainijilfn. 


caught easily by men swimming on inflated buffalo-skins, and 
landed. 

The construction of the raft-boom is as follows : — 

Two broad-gauge sleepers are placed 6§ feet apart and with 
their broad face vertically downwards; transversely to these 
and dovetailed or merely let-in, are placed at intervals of 
about one foot meter-gauge sleepers with the broad face hori- 
zontal. In the centre are two planks placed longitudinally 
and serving as a footway. A wire rope runs along each side, 
and is firmly fixed to the broad-gauge sleepers. This is to give 
the boom flexibility against sudden strains. Below the sleepevij 
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are three iron rods one inch m girth supported by bars 2 inches 
iu girth from the broad-gauge sleepers. 

This boom cost Rs. 1150, including Rs. 500 for wire ropes, 
which last for many years ; it is annually removed before the 
.July monsoon , and replaced in October. About 400,000 sleepers 
and scantling are stopped by it annually and made-up into rafts 
at Daghpathar — Tr.] 

(b) Modes of using Booms. — According to the strength of the 
stream, the purpose for which they are erected, but above all on 
account of their suita- 


bility for any particular 
locality, various kinds of 
hooms are used. Here, 
in the first place, a dis- 
tinction must be made 
according as the booms 
are used, either to stop 
all the wood floating 
in a stream (terminal 
booms), or to divert it 
into a side-channel 
(lateral booms) ; it must 
be considered, secondly, 
what steps may be 
taken to reduce the 
pressure on booms and 
prevent them from 
breaking. 

i. Termimt Boo mu. 

Terminal booms, in- 
to stop all the 



Fig. 26(). — Terminal boom at Passau. 


'vood floating in a stream, are erected either transversely or 


obliquely across a stream, the former being termed straight 


the latter oblique booms. Booms may run in a broken 


line, or be arranged so that a quantity of floating wood may 
^ collected and taken away from the boom. 

Straight booms are made chiefly on streams with a slight 
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fall and where sudden floods are not to he feared. They have 
to resist severe pressure, and wherever large sweeps of wood 
are floated should be constructed strongly. 

Oblique booms are commoner both in the case of lateral 
and terminal booms, they have naturally a greater length in 
proportion to the breadth of the stream than straight booms, 
and the longer they are, the better able are they to withstand 
the pressure of the floating wood and floods. Most booms are 
not straight, but have a broken line of contour; and many 
booms, and some of the most important ones, collect and 
retain for some time a large quantity of the floating wood. 
The boom across the river Ilz, near Passau, built as in Fig. 2,58, 
and a plan of which is given in Fig. 260, collects over ten 
thousand saw-mill butts, and allows for their being continually 
removed by the underground channel {a). 


ii. Lateral Booms. 

These booms are intended to divert floating timber into a 
side-channel, and are long and oblique. 

In powerful floating-channels, a terminal boom usually 
cannot be laid across the main stream without danger of 
being broken. In such cases, therefore, a side-channel is 
diverted from the main stream and the sweep of timber con- 
ducted into it, the main stream being barred by a boom. 
Fig. 267 is a long lateral boom, only closed in the middle 
by floating logs, H is the main stream ; s, the side-channel, 
low*er down in which the terminal boom is placed ; 6 is a weu' 
diverting water into s. As in this case the pressure of the 
sweep of wood and of the stream is divided between two 
booms, neither of them need be very strongly constructed. 
This is the chief advantage of leading the floating wood into 
a side-channel. Where a natural bifurcation of a river does 
not exist, an artificial side-channel is constructed frequently 
with advantage ; if, then, the lateral boom is supplied with ft 
strong weir, or, if possible, with a sluice- weir, the supply of 
water to the side-channel may be regulated at will. On this 
general principle are founded all the better kinds of riverside 
sawmill timber-depots, which will be described further on- 
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By supplying booms ^vith sluice-gates, they may be improved 
considerably; but this necessarily pre-supposes sufficient 
strength to withstand the 
pressure of the wood and 
water. Sluice-gates are 
specially valuable in the 
case of large booms with 
masonry supports. By 
regulating the supply of 
water, the front of the 
boom may be covered 
more uniformly with 
tloating wood, so that 
wlien the sluices are 
opened the greater part of 
it may become stranded, 
or can be brought to land 
easily. In the case of 
long booms, it is highly 
advantageous, by opening 
first one sluice-gate and 
then another, to drive 
the wood in front of 
portions of the boom 
liitlierto free from it ; 
and, finally, by opening all the sluice-gates to bring in the tail 
of the sweep of the wood. 

iii. ReiJuclion of (he Presmre on a Boom, 

Attempts should be made in every possible way to reduce 
the pressure on a boom; this object may be secured in 
various ways, by constructing booms on weirs, by means of 
channels for waste water, channels to remove sand, sluice- 
gates, etc. 

fienerally lateral booms are placed on a weir, which supports 
part of the water-pressure and reduces the fall of the stream 
the pressure on the boom. Nearly all large booms which 
intended to strand the wood, or to serve as lateral booms, 
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ftre of this nature. Channels for waste water are artificial 
cuts, which branch-off from the main stream above the boom, 
returning into the stream below it. Thus a certain portion of 
the water is led away from the boom, which has, therefore, 
less pressure to withstand, bhg. 268 represents such a channel, 



Kig. 268.— Side channel taking Fig. 261).— Floating-channel with 

pressure off a boom, sand-grating. 


which is supplied at its outlet (m) with a lateral boom anti 
sluice-gates and sub-divides below into several branches {b h h). 
If the terminal boom were also in a side-channel, which lias 
besides the advantage of a weak’ current, its utility may be 
increased further by smaller channels taken from above tlie 
booin and returning into the other below it. 
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Booms in streams that bring down boulders and gravel, 
besides the force of the current and of the floating wood, have 
to withstand the pressure of the sand and boulders. Wherever, 
therefore, the fall of the stream is considerable, it is sufficient 
usually to place the boom out of the main current by allowing 
surplus water to pass ofl by a side-channel; or, when the 
boom is in a side-channel, a deep and steeply inclined cut, 
termed a sand-canal, is made in the latter to carry the sand 
and boulders into the main stream. Fig. 269 shows the float- 
ing-channel (^, s), which bifurcates from the main stream, //,• 
m, m form so many cuts between strong, solid masonry walls, 
which may be closed by lateral booms and sluice-gates ; <i. is 
the sand-canal, which at d is only half a meter dooper 
than the rest of the floating channel, but deepens gradually 
towards p. The boulders which accumulate in d, p are 
passed through a temporary opening (p) and the corresponding 
sluice-gate in the lateral boom, and pass along m inb the 
main stream H, 

Simple sand-canals can be opened for the passage of silt, 
etc., only whilst floating is not in progress. In order to free a 
floating-channel from these aecuniulatioiis during the floating, 
they may, as at q, Fig, 269, be covered with a wooden 
lattice-work (Fig. 270) constructed at the bottom of the float- 
ing-channel (s). Besides this method, double booms may bo 
used, which are erected the one close behind the other, and 
the silt and boulders are admitted into the interval between 
them by opening the first boom and then passed through tlie 
second boom, so that always one of the booms is ready to stop 
the floating wood. In order also to expose the bed of the 
stream in front of a boom and then strand the timber, deep 
culverts with sluice-gates may be made and opened to pass the 
water under the boom. 

(c) Further Details regarding Booms. — In the preceding 
paragraphs, a distinction has been made between lateral oi 
terminal booms, but the latter may be of several kinds. Fjveiy 
boom, whatever its dimensions, which catches floating wood at 
a timber-depot is a principal boom. Owing to certain condi* 
tions of a locality and want of sufficient space, it is hot always 
possible to supply every river timber-depot with a principal 
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boom ; or the risk cannot be incurred, in the case of numbers 
of isaw-mills situated along a stream, of entrusting the supply 
of the thousands of logs they require for their annual work to 
one boom only, which is always liable to be broken. In such 
cases, subsidiary booms are used in order to ensure a supply 
of wood for all the saw- mills. 

For this purpose narrow parts of the stream are selected, 
confined on either side by rocks, and there booms with move- 
able gratings are erected, from which the wood can be again 
despatched down-stream in small sweeps to the different saw- 
mills or timber depots. 

Not unfrequently a stream is broken-up by booms at not 
very long intervals; this is either for charcoal-burning, in 
order to land the wood required where permanent charcoal - 
kilns are maintained ; or each forest-owner or principal wood- 
merchant has his own boom, in order to collect his own wood 
and float it separately from that of other owners to the principal 
boom ; or the saw-mills situated along the stream have each 
its special boom, provided with passages to allow extraneous 
wood to pass through them. 

Subsidiary booms are erected sometimes in strong streams 
l)elow the principal boom, where, owing to occasional floods, 
there may be danger of the latter breaking. Whenever floating 
timber is rafted, or passed in lines of logs across a lake, most 
of the water-logged wood w’ould enter the lake and sink to the 
bottom without possibility of recovery, were not a boom 
stationed at the point where the stream used for floating 
passes into the lake. 


4. MetJwd employed in Floating Wood. 

(a) Season for Floating. — The more quickly a sweep of 
wood is floated and reaches its destination, the better is the 
business of floating conducted. For this purpose, a steady 
and ample supply of water is necessary. The melting of the 
mountain snow in spring brings most water into European 
streams, and spring is therefore the chief season in Europe 
fur floating timber. At this season all the brooks and springs 
^'’hich flow into the floating-channel are swiftest and moat 
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buoyant, owing to the coldness of the snow-water. Thus 
all reservoirs and tanks can be filled readily, and the largest 
possible volume of wood brought down in the shortest possible 
time. 

The weaker the floating-channels, the greater care must lie 
taken to utilise, for floating, the critical period in the spring, 
after the snow has disappeared. Although in mountainous 
districts, with heavy rainfall, the period of melting snow brings 
down sufficient water into the streams for floating purposes, 
floating is protracted frequently into the summer months, it 
then requires all the help of an artificial supply of water. In 
such cases, the forester will direct his attention to the summer 
rains for supplying his reservoirs. It is evident that the 
whole prosperity of the saw-mill industry depends on a choice 
of the right moment for floating the wood. 

Floating on large streams permanently well supplied with 
water, and on smaller streams supplied from lakes and 
reservoirs, may continue throughout the year. In such cases 
it is preferable to float in the autumn, when floods are less to 
be feared than during the spring. [This is the case in India 
with rivers such as the Jumna, where the principal boom is 
always removed from May till November, when the river is 
swollen with snow-water and water from the summer mon- 
soon. — Tr.] In high mountain-regions floods occur late in 
the spring and in the early part of summer, and it is therefore 
in several districts safer to choose midsummer (in the Italian 
Alps, late autumn) for floating, especially where protective 
works against floods are wanting. 

Small reservoirs may be filled three or four times in a day, 
but large ones may require several days to fill. 

(b) Nature of the Wood to be Floated.— Saw-mill butts 
and the better kinds of firewood (split billets, and large round 
pieces) are floated. [In India also rail way- sleepers and other 
scantling. — Tr.] The butts are first barked and trimmed free 
from knots and stumps of branches, and frequently rounded 
at both ends to guard against splitting. Firewood and 
charcoal-wood is floated either in round butts (twice the 
length of the ordinary billets) which are sawn and split. intOi 
billets after landing at the booms, or in split billets. 
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Whether it is preferable to float butts, or split billets, 
depends on circumstances ; butts require a stronger current, 
though in a floating-channel they are less liable to breakage 
by boulders, etc., than billets, which require improved channels 
with a moderate current. It is evident that light coniferous 
butts are floated more easily than broadleaved ones; also, 
wherever carbonisation is ejected with round pieces, as in 
the Alps, they must be floated in that form. Butts for saw- 
mills require stronger water than firewood, lengths of 3 to 4 
meters (10 to 13 feet) being most suitable, although in Sweden, 
butts are floated up to a length of 7 meters (23 feet). It is 
often difficult to float heavy butts, especially of silver-fir, 
unless they have been previously dried. 

The most important operation, before floating is undertaken, 
is that of drying the wood, for the amount of water-logged 
wood varies inversely with the comparative dryness of the 
wood when launched. Wood felled in the growing season 
dries more quickly than winter-felled wood, and is therefore 
more easily floated. It is indispensable to dry thoroughly the 
butts that are to be floated for long distances. 

It is especially requisite, from a consideration for the quality 
of the wood, that butts felled and barked in the summer should 
be removed from the felling-areas immediately after felling, 
and deposited in airy depots, in order to become thoroughly 
dried. If, then, during winter wood is brought to the side 
of the floating-channel, not only does the drying process 
improve its quality, but also facilitate the operation of 
floating. 

(c) Conservancy of the Floating-channel. — Before the 
wood ia thrown into the floating-channel, the condition of the 
latter, and of the different works which have been constructed 
to improve it, should be known. For this purpose, an inspec- 
tion should be made, preferably with the co-operation of 
riparian landowners, owners of saw-mills and other hydraulic 
works along the floating-channel; enquiry should then be 
^ade into all claims for compensation for damage done 
the floating-gang, in order to prevent unfair excess in its 
amount, and, if necessary, these claims should be settled by 
arbitration or the law-courts. This inspection should, if 
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possible, take place in fine weather and when the water is 
clear, so that the bed of the stream may be seen. 

As this inspection serves for settling excessive claims for 
compensation, it should be made as soon as possible after the 
previous year’s floating is over ; it is also useful to assist the 
forest-manager in deciding about the suitability or defects of 
any of the works along the water-channel. It is clear that 
repairs to these works cannot be postponed till shortly before 
the floating season ; they must be done, together with any 
new indispensable works, when the water is low in summer or 
early in the autumn. The same proviso holds good for 
clearance of the floating-channel, which is required both in its 
lower course, where the current is sluggish, and also in iu 
upper course, among rapids and boulders. Whenever it h 
necessary to expose any portion of the bed of the channel for 
this purpose, arrangements should be made to procure the 
necessary stoppage of all mills, etc., for the purpose. The 
days on which the stream is allowed to run dry are either 
fixed by law, or secured by compensation to the mill-owners ; 
only owners of works established on the stream before it was 
used for floating are entitled to compensation. 

(d) Conduct of the Floating Operations.— During winter 
and early spring the wood is brought to the side of the 
floating-channel, and placed on its banks in loose stacks. 
Should there be, as is frequently the case, a narrow valley 
just below the reservoir dam, so that the wood cannot be 
washed away laterally, it is frequently placed on the dry heb 
of the channel ; then the pieces of ^YOod should be scattered, 
so that when the dam is opened a jam may not arise. 

If, then, all the wood from most of the felling-areas has been 
brought down, the efficiency of the floating- channel and its 
works has been ensured, and everything is ready at the 
timber-depots below for the reception of the wood, the first 
sweep of wood may he sent down at the right time. A careful 
choice of the latter is of great importance, and is a matter of 
days, even of hours. A commencement should bo made always 
in the most remote and weakest of the subsidiary streams, so 
that the sweep of limber passing through it may come down 
as soon as possibl.^ into the main stream, where progress is 
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not so dependent on the period of the highest floods. Hence, 
a distinction may be made between subsidiary sweeps of 
timber and the principal sweeps. 

Wherever the cost and difficulty of subsidiary sweeps is out 
of proportion to their utility, attempts should be made to 
substitute sledging for floating, as is being done already in 
the Alps. In other localities, as in the Palatinate, only sub- 
sidiary sweeps are attempted, the wood being floated right up 
to a railway. 

Before the sluice-gates are opened, and floating the sub- 
sidiary sweeps is begun, the quantity of the wood to be 
launched should be proportioned to the quantity of water in 
the reservoir and the strength of the boom, otherwise there 
^vill be danger of the tail of the sweep being left stranded, or 
of the boom being broken, if a flood should occur. Due con- 
sideration having been given to these points, the sluice-gates 
are opened, and after the preliminary flooding, the strength 
of which depends on the amount of impediments there may be 
in the floating-channel, the floating-gang commence throwing 
the wood into the stream. As soon as most of the water has 
left the reservoir, the gang stop launching the wood, so that 
the residue of the water may have its effect on the tail of the 
s^Yeep and caiT’y it away. As soon as the reservoir is empty, 
the dam is closed again in order that a fresh supply of water 
may be collected. 

In the case of floating-channels which cannot be flooded by 
a considerable body of water, but only by a moderate supply 
from fear of damage to their banks, it is the duty of the forest 
guard in charge of the reservoir to he careful not to supply 
more water at a time than is absolutely necessary. He will 
learn easily by experience for how many miles down the water 
from his reservoir can flood the floating-channel sufficiently, 
mid how long the sluice-gates should be kept open to ensure a 
proper supply. 

The wood no\v is carried down by the flood from the reservoir, 
mid the best, smootiiest, well-dried wood keeps at the head of 
the sweep, whilst inferior knotty wood and heavy butts gradually 
h^g behind to form its tail. However well the floating-channel 
be regulated, hindrances will arise whenever the wood 
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enters a difiBcult place and blocks the way for the rest of the 
sweep ; it may thus block the channel and drive the flooding 
water over its banks, or in the most favourable case allow it to 
run away uselessly. In order to prevent such a mischance, the 
sweep is accompanied by some men of the floating-gang, and 
also men are placed beforehand at any places along the channel 
where a block is to be feared, so that with their hooked poles 
they may push off all pieces that are jammed. It is necessary 
for overseers to supervise these men, and hence, a fairly good 
pathway must be provided all along close to the side of the 
channel {vide p. 882 ) . 

Although in the case of floating split firewood billets in well- 
regulated channels the work may be very light and easy, it 
involves extremely hard labour and danger to life in the case 
of saw-mill butts coming down from high mountain-regions. 

Wessely thus writes in his excellent work about the Austrian 
Alps:— “The mere releasing a jammed mass of logs is a 
formidable undertaking. In order to save labour, it must he 
set free from below ; a single crossed log often detains the 
whole pile of timber ; this is at once recognised by the wood- 
man, who drags it out, but he has hardly done so before all 
the logs come crashing down on liim and roll thundering down 
the flood. If he does not succeed by skill 4iid good luck in 
jumping aside, it is all over with him. There is mnohjodelmj 
over the break-up or a jam, but only too often does the mass 
of timber fall on the daring man who ventures upon it, and 
but rarely is he fished seriously injured from the flood by 
the help of a hooked pole. In gorges — and there are such 
50 fathoms deep — a man is let down by a rope into the 
foaming torrent, and must actually stand on the heap of 
wood. If his comrades do not draw him back at the eery 
moment when the logs are set in motion, he will be carried 
down hopelessly with them.” 

In the Bavarian gorges, as has been already stated, this 
dangerous work is assisted by means of galleries let into the 
rocks. 

Once the wood has been carried down to the main floating 
channel, the sweep of logs now becomes the principal sweep 
and floats on to boom. In the case of larger brooks and 
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rivers, the wood is left to itself, but if the water is shallow, 
assistance must still be afforded from reservoirs. 

Usually the principal reservoirs of the subsidiary streams, 
if they help one another, and flow one after the other into the 
main stream, assist greatly in floating the principal sweep. 
Experience shows how long a flood from a reservoir takes to 
reach the main stream, and this period is chosen for the in- 
terval between the opening of the sluice-gates of neighbouring 
reservoirs. In long and weak floating-channels the reservoirs 
of the tributaries are not sufficient to maintain high water in 
the main stream, and in such cases reservoirs should be pro- 
vided along the main channel. In floating a sweep great care 
must be taken that the reservoirs on the subsidiary and main 
channels work together well. As soon as the reservoirs of the 
tributaries are again full, more wood is launched and floated ; 
this continues daily until all the wood has been launched 
and has gradually reached the booms, when it is either collected 
in tanks, or taken out of the water, according to the nature of 
the boom. 

Whenever a floating-channel passes through a lake the 
wood must be stopped as it enters the lake and towed across it. 
Everywhere for this purpose light coniferous logs are used, 
which are bound together by iron rings, or withes ; they thus 
form a long floating girdle which may he used to surround the 
wood in the lake and keep it together. 'With this object, the 
chain of logs is placed in an arc before the entrance to the lake, 
and as soon as it has enclosed as many logs as possible, its 
ends are joined. The raft thus formed is then borne to the 
other end of the lake, either by help of a favourable wind, by 
beasts or manual labour; the chain is then opened and the 
logs floated further down the stream, 

Favourable weather is necessary for this crossing to be 
effected; storms not unfrequently break up these rafts and 
Scatter the logs over the surface of the lake, so that great 
expense is incurred in collecting them. On the Pacific coast 
of North America, and also in Norway and Sweden, where it 
IS quite usual to convey logs in those temporary rafts, screw 
steam-boats of light draught are attached to them, or they are 
^I'agged forwards by ropes attached to windlasses on boats 
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anchored in the lake. This practice is in vogue on the Tegern 
lake (Fig. 271). The wood floated down the river Weisach 
runs into the lake at a, is bound into temporary rafts and 
drawn by the anchored boat {m} to about the middle of tlie 



Ki;,'. 271, Floatinf,' wdoO iicross a lake. 


lake, whence the mountain- 
wind blows it to d at tlie 
other end of the lake. The 
rafts which are collected 
there are opened one by one, 
and the wood floated on the 
Mangfall river to the tiniltor- 
depot at Thalham, where it 
reaches the railroad to 
^lunich. 

(e) Completion of the 
floating. — All the wood 
which has been launched 
by no means floats steadily 
dowm to the boom. Fre- 
quently, a considerable per- 
centage of the launched 
pieces remains on rocks, 
shoals and other inequalities 
of the channel, sticks under 
its banks, or remains float- 
ing in the still water near 
the banks. All this wood 
should now be set free, 
drawn into the stream, or 
else placed so that it 
be caught by the next flood 
from a reservoir, or natural 
flooding of the river, anti 
carried down to the boom ; 


this operation is termed after-floating. This work, which 
is often protracted well into the summer, is commenced 


usually from up-stream, but if after all the reservoirs are 
exhausted, or owing to unfavourable weather, the water in the 
channel is very low, only a portion of these strand^^ 
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logs can be floated before the succeeding year. In such a 
case it is better to begin from the lower end of the channel. ' 

During the after-floating, but chiefly when a certain amount 
of progress has been made in floating off the tail of the sweeps, 
the sunken wood should be fished up, most of it being at the 
lower end of the channel. 

The quantity of sunken wood depends on the amount of 
drying to which the wood has been subjected before being 
luunehed, the condition of the floating-channel, but above all, 
the nature of the hanks, the fall and buoyancy of the water, 
the length of the cliaiinel, and the species, nature, and size of 
the floating pieces. Bound pieces sink more readily than split 
pieces, and branches of spruce and silver- fir being much heavier 
than tlieir stems yield a greater percentage of sunken wood. 

The workmen use the hooked pole to spike the logs or billets 
and draw them to the bank. Fine w^eather is required for this 
worli,and clear water, so that the bottom of the stream and all 
sunken wood may be seen. The wood is collected daily and 
piled ill loose stacks on the bank of the stream, and when dry, 
it is either transported by land, or sold. 

As soon as the annual floating is over and the sunken wood 
collected, a report is drawn up by the same commission which 
acted before the floating. In tliis report all legal damages are 
entered which neighbouring properties may have suffered from 
the floating operations, all legal compensation being paid. 
This opportunity also is taken to prepare a list of any damage 
winch may have been done to the floating-channel or the wmrks 
attached to it, so that they may lie repaired in the ensuing 
summer. 

Section II. — Bafting.* 

Rafting is distinguished from floating by the fact that the 
wood is no longer in single pieces, but is bound together into 
I'afts. A quantity of wood firmly bound together is termed a 
raft- section, and a number of sections form a raft. 

* Althougli rafting is done rarely by Uie forester, yet the rafts are made-up 
with withes and cross-picccs that he has to deliver. In certain districts, logs 
are measured only when they are bound into rafts, and frequently a floating 
channel is also a rafting-cliannel, and has to be prepared with that object in 
view. Forty per cent, of the 14,tX)0 kilometers (8,750 miles) of German rivers 
are used for rafting. 
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1. Rafting -channels. 

In order that rafting may be possible, generally it is necessary 
that the water in a stream should flow uniformly and gently, 
with only a slight fall. In well-regulated rafting-channels a 
smaller head of water is required than in mere floating-channels, 
but the depth must not be less than 2 or 2J feet. Although 
rafting may be done more favourably on the lower courses of 
streams and large placid rivers,* yet sometimes higher moun- 
tain-torrents are thus utilised. In such cases, however, where 
the channel is full of rocks and boulders and has a consider- 
able fall, a larger head of water is required than for floating, 
for unless the rafts are carried over all obstacles in the water, 
they will be stranded and broken-up. 

In the latter case, therefore, artificial supplies of water arn 
requisite, and both reservoirs and weirs placed along the stream 
are employed to increase the head of water. The latter are 
either sunken weirs with a long wooden wall in the middle of 
which thei'e is a passage which may be closed, or stone 
overflow - weirs. Reservoirs are not so valuable for 
rafting as for floating, as they do not concentrate the 
water in a certain part of the rafting-channel. On the otlier 
band, this may be done effectively by placing weirs at 
short distances apart along the channel, when the water can 
accumulate between any two weirs to the height required by 
a raft. 

Wherever the sections and rafts are made-up in powerful 
streams, a side-channel or basin is required wide enough for 
the logs to be turned and placed alongside one another. In 
smaller streams this is best secured by constructing weirs at 
places with shelving banks. In the upper portion of rafting- 
channels the rafts may be made-up in the bed of the stream 
at any suitable place with shallow water. It has been already 
remarked that tanks are used to supply water to rafting' 
channels ; they are preferable to any other mode of strengthen- 
ing the head of water, as they permit rafting to be carried-on 
without interruption, 

• In 1883, a raft consisting of eleven sections, each containing 500 logs, ami 
800 ft. long, was towed 600 milei from St, John in New Brunswick to 
York in ten days by two {vOwerful stcara-tugs. 
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The constant struggle in Germany to extend and improve 
commerce by reducing the cost of transport is now directed 
chiefly to the work of improving moderate-sized rivers by 
canalisation.* This cannot but have considerable influence 
on the rafting of timber and on the dimensions of the rafts 
and their mode of conveyance, etc., and an-angements should 
be made to allow sufficient way through bridges, locks and 
sluice-gates for the rafts. Accordingly, through the canalisation 
of the rivers Main, Neckar, Saale, etc., timber-rafting will be 
more and more extended to the lower courses of these rivers, 
if by forming suitable collecting-places out of the reach of 
floods and spacious tanks in which the rafts can be made-up 
and through wffiich they can pass, the construction of large 
rafts is rendered possible. For if the rafting business is to lie 
conducted on a large scale, spacious timber-tanks at central 
places to which rafts converge down the smaller streams are 
indispensable. 

2. Rafts. 

Raft-sections and rafts are made-up in various ways in 
different countries, the chief difference between them being 
due to differences in the kind of wood to be rafted. All wood- 
assortments may be rafted. At present, however, in Germany, 
Austria, Hungary, Russia, etc., only logs and sawn goods are 
rafted. Sawmill-butts are floated chiefly piece by piece, and 
even rafting firewood across lakes has been abandoned in 


i [nland in Fr.ance in IIKH) :■ 


H..o94 miles 


r .^,211 canalised rivers. 
\ 3,83S 


33 canals. 

All blit 475 miles of canals are in the hands of the State, and those arc to be 
iiiken over. Traffic in 1895, 27,173,904 tons. Employment to 27,(X)0 men and 
'vomen, and 13,000 children. 

Building materials... 


Coal and coke 
Agricultural produce 

Firewood 

Iron and steel 
Manures 


32 per cent. 
28 „ 

13 

ili 

n . 


1q Britain many of the canals are in the possession of railway-companies, 
their competition is discouraged, while railway-rates on timber are exces- 
Time ia not important in timber transport, and the timber is seasoning 
"bile it is in barges on canals. Free competition and extension of canals 
"O'lld benefit producers of timber greatly. — Tr.] 
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favour of the mode of floating with a chain of logs explained 
on p. 405. Wherever on large rivers the floating of firewood 
is not allowable, it is conveyed in barges,* or as ballast on 
tiniher-rafts. Logs are bound together by means either of 
withes or poles. 


(a) Rafts of Logs. 

i. Uaft-sections made up with Withes. 

A very convenient method of binding logs into sections is 
by means of withes. First the logs are stranded, being rolled 
along two jueces of w^ood gently inclined into the w'ater, and 
arranged as in Fig. 272 ; the triangular holes are then cut in 



272. —Fixing rafts with withes. 


deeply with a special hatchet. The corresponding holes 
(a a, a a) are then completely liored, and the logs pushed 
liack into the water and tied firmly in raft-sections by strong 
withes. 

These withes are generally spruce branches, or dorain.ated 
spruce or hazel saplings, which have grown for a long 
under the shade of larger trees ; they are first baked in ovens 
and then twisted, their thick ends being held by a spocinl 
contrivance. The withes are from 1 to 6 centimeters (:| to 2 
inches) thick, and their preparation for sale in many districts 
forms a special trade. On the Vistula, ropes made of lime-bast 
are used for tying the logs. 

The number of logs which are bound -together into a raft- 
section depends on the breadth of the rafting-channel, and m 

* Specially low, broad are built for the puipose on the DanTibc 

other rivers. Those frOm Rnswia are 200 to 250 feet long. 
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cases on the width of the openings in the weirs^ 
the thicker ends of the logs are placed at one e,.d 
lection and their thinner ends at the other. In fas tenmg 
the withes care must be taken to give the logs sufticient pUy 
! t J at any rate each log may be able to move shgh ly 
a ievtical direction. This is absolutely necessary for 
watercourses with numerous little rap.ds and with '"e^alities 
hi Ihe bed of their channel, as each section is then better able 
to accommodate itself to the uneven surface. 

On the channels with an even flow, and on the larger streams 
and rivers, the logs are fastened together as follows, with 
rigid raft-sections. 


ii. RajUcdionii j'askned rdth Poles. 


Til is second mode of maldng np 
Fig. ‘2TS ; it is much more common 


raft* sections is shown in 
than the former method, 



Kig, Higid rsft-section with luAe. 

and is in use on nearly all steadily flowing rivets, the Spiee, 
Saale, Oder, Elbe, Main, Bhine, etc. The logs are landed and 
bored through at a b and d c, Fig. 274; they are then 
returned to the water and fastened to a pole (m n), as in 
Fig. 278. Generally beech poles are used, but also spruce 
and silver-fir poles, ' The poles being placed over the ends of 
the logs which are to he fastened and between the bore-holes 
ill them, the thin end of a withe is passed through n h over 
the pole, and then into c. The thick end of the withe 
gets jammed in « b, and the thin end is fixed m e d by 
means of a wooden wedge. Instead of withes, the poles may 
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be fastened to each log by iron nails or clamps. In this 
method the raft-section is a rigid body, and no independent 
motion is allowed to the individual logs. 

This mode of fastening has the great advantage, that the 
logs are much less injured by the bore-holes than by the 
larger holes made in the former case. In that case, the ends* 
of the logs must be sawn off, whilst 
when the pole is used, the bore- 
hole can he plugged eventually 
with a piece of wood and the 
whole log become utilisable. 

In powerful streams ^Yith 



Fig. 274.-Me.h,„l o( (i.ing as in the river 

Isar, the poles or planks are 
sometimes let into the logs. The latter are grooved at their 
ends, so as to admit the plank, and then fastened to it as 
before. The raft-section thus fastened is more rigid and 
stronger than] without the groove. In Moravia, only the 



'275, — Fixing a .section by a plank. 


outer logs are grooved, and trenails are used to fix the 
plank to the logs (Fig, 275). 

The first condition for rafting is that the wood to be rafted 
is lighter than water, which is the case with all German woods 
except oak. Whilst, therefore, all other woods may be used 
alone to form a raft, oakwood must be mixed in rafts with 
other species which are light and will support it. For this 

* These separate eo'^yof floated logs nre used in many places for paving 
stables. 
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purpose coniferous wood always is used, and is distributed 
among the oakwood in the raft-sections, so that they may be 
weighted as uniformly as possible. 

Poles are used for fixing the sections, and are fastened to 
the logs with iron nails. In countries where the necessary 
coniferous wood is scarce, old wine-casks (on the river Moselle) 
are used to buoy up the rafts. It should also be noted that 
some oakwood will float well, and in that case rafts may be 
made-up entirely of light oakwood, as, for instance, well- 
seasoned Spessart oak. 

(b) Rafts of Sawn Timber. — Of sawn timber, it is chiefly 
boards, planks and battens that are transported in rafts. 
[Ill India, rafts are made-up 
of logs, railway- sleepers and 
other scantling, and bam- 
boos.— Tr.] Boards are 

fastened together in various 
ways in different countries, 
one of the commonest 
methods being as follows : — 

Ten to fifteen boards are fastened together on a bank of the 
stream, and six or eight* such bundles of boards so placed that 
the two outer bundles [a a) project beyond the others (Fig. 27b), 



Fig. Pkiik raft-section. 



Fig, 277.—“ Vertical” section of Fig. 27(5. 

besides, the lowest board of each bundle projects about 
40 centimeters (15 inches) beyond the other boards. This is 
4one, so that in making-up a raft out of the sections the latter 
dovetail into one another. The six or eight bundles are 
fastened together by means of two or more pairs of poles, 

These numbers are generally chosen, so that each raft-section may contain 
120, or 160 boards ; 120 boaids usually form a “ standard.” 
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and one of each pair (m m) being placed above the bundles and 
one (n n) below, transversely to the raft-section, the withes are 
fastened round these poles, wdiich thus enclose all the boards 



278. — Union sections to form a raft. 


in the raft-seciion (Fig. 277). Such a section is quite rigid. 
The raft-sections fastened together on the land and slid into 
the water are then bound into rafts as shown in Fig. 278. 



Fig. Metliod of fixing [thinks. 


The sections A, B, C, and D, are not dovetailed together IfV 
their projecting borders, but long slender spruce poles (I’igs- 
277 and 278, d d) are fastened to their sides, passing from 



Fig, 280,— Plank raft. 


section to section, and thus affording rigidity to the whole 
raft. 

Another mode of binding rafts is shown in Fig. 279. The 
bundles of boards ure tied with withes, but each withe passes 
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through that of the neighbouring bundles, so that the bundles 
are slightly bound together. The raft-section (Fig. 279) being 
thus made-up, a pole [a b) is fastened to it by the wedges 
(m m m). In the method of making-up rafts of boards, as 
shown in Fig. 280, the bundles of boards are fastened one 
below the other, poles being used for the purpose, as in Fig. 
279. This method of rafting requires deeper water than the 
preceding ones. 

(e) Method of making-up Eafta. — Several raft- sections are 
fastened together to make a raft. This is done either by 
attaching the ends of the sections together by withes, leaving 
them sufficient play — an important point in long rafts and in 
lloating channels with sharp bends ; or the sections are bound 
firmly together with withes, as is the practice on the river 
Kinzig, so as to make a rigid raft. The spruce poles, as shown 
in Fig. 277, are used also for fastening the sections together. 

In binding the sections into rafts, the lightest ones are 
placed in front at the head of the raft, and the heavier ones 
beliiiul in the tail. The more attention must be paid to this 
rule, the more rapid the stream of the rafting-channel, for the 
light sections float more freely than the heavy ones, and were 
the latter placed at the head of the raft, they would be pressed 
upon by the lighter ones, and the latter would even press the 
lieavy ones down and mount on to them, rendering the 
management of the raft impossible. 

It is a rule that each section should be formed of stems 
equally long and thick ; if the sections are small, containing 
five to eight logs, the bases of the logs are all put together 
at one end of the section, and their tops at the other. Where 
ffie sections are larger, and the logs markedly uncyliudrical, the 
fiutt-ends and tops of the logs are placed alternately side by 
in order to give the raft- section a uniform breadth 

ffiroughout. Sucli raft-sections are united more easily in a 
I'aft. 


3. Dimensions of Hafts, 

distinction is made between rafts only one section broad, 
^ sections being placed one behind the other, and large rafts 
both in breadth and length of many sections. The 
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former class of rafts is in use in the upper and middle courses 
of rivers and brooks, whilst the latter is employed on broad, 
steadily flowing streams. 

The former kind of rafts may, however, be very long, and 
often consist of from 40 to 70 sections hung one behind the 
other, containing altogether 300 to 500 logs and more. The 
large rafts, on the other hand, are often 50 meters (160 feet) 
broad and 200 to 250 meters (650 to 810 feet) long, and were 
formerly even larger. 


4, Mode of Rafting, 

A raft should be conducted so that it can be guided, its pace 
moderated, or it can be stopped at pleasure. On slowly 



Fig, 2SI.— Kiid section of raft. 


flowing waters, ordinary spreads are used to guide the rafts. 
AVbere the current is rapid the rafts are made long so that 
they may travel slowly, and spreads are hung out behind the 

last section to drag 
along the bottom of the 
channel ; the last sec- 
tion may also be opened 
out as in Fig. 281, or 
a kind of brake is used 
from the last section as 
shown in Fig. 282 in sec- 
tion and Fig.283iupl8'D‘ 
This brake consists of a stout beam (a) passing between two 
poles [h) fastened to the raft by clamps, or withes. The brake 
drags obliquely along the bottom of the channel, whilst it 
firmly held above between the poles. In this way the pace ol 
a raft may be regulated, and the raft directed through difficult 
passages and even stopped or stranded. Long heavy rafts on 
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fast streams with a steep fall have always several of these 
brakes on the last raft-section. 

Rafting on shallow mountain streams demands the greatest 
attention and care, long experience of the rafting channel, 
and assiduous, trusty workmen. Men engaged in rafting 
require an amount of skill and daring which only experience 
from their youthful days can give. The workmen on the 
Wolf and Kinzig rivers and their tributaries, in the Black 
Forest, are veritable masters in the art of rafting ; it is now 
proposed to follow a raft down one of these rivers. 

The logs are floated down to a boom and sorted along the 
river-bank ; then they are fastened together in its bed into 
raft-seetions and rafts. The rafting-channel here is only 3 to 
4 meters (10 to 13 feet) broad, with a rocky bed strewn with 
boulders and a fall of 



Kig. - Plan of brake. 


; in the worst places it 
is improved somewhat by 
simple weirs, and at the 
time the wood is floated 
has a depth of only 15 
centimeters (6 inches). 

At longer or shorter in- 
tervals there are weirs in its upper course, and sluice-gates 
where its higher tributaries join it. 

The raft, consisting of forty to fifty sections, is made ready, 
and attached by ropes to the shore. The front section con- 
sists of only four small logs, which run together like a wedge 
in front and terminate in a short piece of planking. The 
second, third, and succeeding sections increase gradually in 
width up to a middle width of 4 to 5 meters (13 to 16 feet) ; 
this is attained also by all the remaining sections of the 
i‘aft, except the last, on which are the brakes, and which is 
as broad only as the water in the stream. The sections are 
fastened so that all the small ends of the logs are in front, 
which gives them a fan-shaped appearance as represented in 
284. Owing to this form, the raft may be actually 
broader than the stream and the passages through the weirs 
provided that the latter are not narrower than a 5, as the 
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wings {a c and b d) of the sections then fold back over the 
rest of the section, recovering their former position as they 
emerge from the passage. It is evident therefore that rafts for 
floating on mountain- streams must be throughout quite loosely 
jointed. Suppose now, the long raft, which is lying in the 
nearly dry bed of the stream and overlaps it here and there 
on both sides, is to be floated : a few days beforehand all the 
sluice-gates of tributary streams must be closed, as well as the 
sluice-gates on the weirs down -stream, so that as much water 
as possible may be available in the upper course of the rafting- 
channel. Men are posted out on the hills along the stream to 
receive notices from those in charge of the raft and pass them 



on (in Galicia, telephones, of a total length of 50 kilometers in 
one instance, are used for this purpose). 

"While the raft remains fastened firmly by ropes to the bants 
of the stream, the filled reservoirs and weirs up-stream are 
opened, and the foaming flood rushes over and past the raft. 
This flood must be allowed half-an-hour’s start ; for the raft, 
once released, descends the stream quicker than the torrent, 
and should the latter be caught up, the raft would run into 
the dry bed of the channel, and its end-sections overshoot its 
front-sections, forming a chaotic heap of logs. As soon as a 
BuflScient start has been given to the flooded water, the ropes are 
loosened, and most of the men mount the five or six front- 
sections to direct the raft. All the other sections, except tbe 
end ones, are left to themselves, and, as thf middle sections 
are often broader than the bed of the stream, the butt-ends of 
their wings dash ?lor\g the banks. Men are placed also on 
the four to six last sections to manage the brakes. The brakes 
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are used now at short intervals to slacken speed at narrow 
places and dangerous corners, and the men must know exactly 
when the front of the raft will reach a dangerous place so that 
they may apply the brakes in time. When the brakes are 
applied, the whole raft creaks and shakes through all its 
members, and the last sections spring up and down according 
to the inequalities in the bed of the stream. The men with the 
brakes have hard work to do, for when the brake is withdrawn 
by removing the withes which bind it to the raft, it has to be 
replaced in time for the next dangerous passage. Meanwhile 
the raft floats so rapidly down-stream that a man running full 
speed along the bank can hardly keep up with it. 

The first flooding of the stream may take the raft down from 
live to ten miles ; then the water runs dry, and the raft lies on 
the bed of the stream until sufficient water is collected for a 
second flooding, when the work recommences. Once the raft 
has reached the broad and deep water below there is no more 
difficulty about conducting it to the junction with a large river. 

Only spreads are used in guiding rafts on large rivers. On 
the Rhine different kinds of spreads are used, either spruce 
boards or long logs cut into shape of a board at one end. 
The larger kinds of spreads are so heavy that they are moved 
by a number of men, who push them with their shoulders and 
take several strides in turning them. The men need not leave 
their places to move the smaller spreads. The rafts are pulled 
ashore by means of anchors fixed to the shore, and attached 
by ropes to the raft. 

On the larger German rivers, both logs and sawn timber are 
rafted, and the rafts are further laden with firewood, oak planks 
and scantlings, laths, staves, vine-props, poles and many 
other wares, termed raft-ballaat {Oblast). 

[On the Brahmaputra and Ganges rivers, heavy logs of sal 
[Shorea rohnsta) and other wood, which will not float in water, 
are attached by ropes to long poles fastened across large 
^iioyant boats ; they are thus floated down-stream. — Tr.] 
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CHAPTER Y. 

COMPARISON BETWEEN DIFFERENT MODES OF 
TRANSPORT. 

The various inodes of transport described above must 
differ considerably in value in different cases. For nianv 
forests no choice is possible ; the local conditions absoluteh 
decide tlie mode of transport. In the case of other forests, 
especially in moderately elevated or high mountainous regions, 
several methods may be followed, and the question is, which of 
them is preferable? Some of the chief points determining the 
choice of any particular mode of transport for a forest are as 
follows : — 

1. Conditions of Localiiif. 

The configuration of the ground on which a forest is situated, 
the local climate, the density of population, the habits of the 
people and the method of agriculture followed, all inliuence 
the mode of wood- transport. In flat or hilly districts, with 
mild winters, dense population and plenty of strong beasts of 
draught, it is evident that throughout the year there will he 
less difficulty in transporting wood in carts or on forest- 
tramways, than in mountainous districts ; this is specially 
the case with steep slopes, where road-making is difficult on 
account of the destructive action of water, the number of 
beasts of draught is limited, and snow falls heavily every 
winter. Under the latter conditions, sledging, or a partial 
use of slides and chutes, is to be recommended. For descend- 
ing very steep slopes wire-tramways are best and deserve 
more consideration than has been given to them hitherto. 

Floating and rafting can be followed only where water- 
courses are available. As regards floating, mountain district? 
aru more suitable than hills and plains, whore the presence of 
evenly-flowing streams renders rafting a suitable methods 
rafting is also r^itmissible and actually practised along some 
of the weaker mountain-streams. 
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Although much thought has been expended on the advis- 
ability of abandoning chutes in mountainous countries, for they 
need constant repair and are known to be prejudicial to forests, 
as yet they cannot be dispensed with in high mountain districts. 
At the same time, they may be replaced gradually by sledge- 
roads and improved floating-channels. Log-slides along 
made roadways, however, will prove always a useful method 
in mountainous districts. In the Alps and other neighbouring 
countries floating has been always a prevalent mode of trans- 
port, and will remain so for many districts. Floating is follo\Yed 
much less in the plains and hills of North Germany, and 
even then chiefly for firewood, whilst rafting is pursued exten- 
sively on large rivers and canals. It is much easier to lay- 
out and use forest-roads and tramways in the plains than 
among niountaiiis, but recent experience in the Vosges and 
elsewhere shows that the fact of a district being mountainous 
need not exclude these modes of transport. 

2. IVood^assortments. 

Although every felling- area yields a number of different 
wood-assortments, yet only a few form the great majority of 
its produce : frequently one single assortment determines the 
revenue of a forest, and therefore may have a decisive influence 
oil the choice of the mode of transport. Butts and firewood 
may be transported in various ways, but logs, poles and 
coppice-wood cannot be floated, though suitable for all kinds 
of laad-traueport, whilst logs form the chief object of rafting. 

in mountainous districts there are many forests that produce 
splendid long pieces of timber, but at present yield sawmill 
butts only, the stems being cut into lengths of 8 to 4 metres 
(10 to 18 feet) for floating, because, rightly or wrongly, the 
forest-owners consider this mode of transport alone justifiable. 
[Ill the Jura long logs are transported on splendid cart-roads, 
labile in the Vosges sawmill butts are the chief produce and 
are brought down on sledges.-^Tr.] 

3, Cost of Transport, 

I^he cheapest is also the best transport, if it is sufficiently 
expeditious and prejudices neither the forest, nor the wood 
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it produces, in quantity or quality. The cost of transport 
is affected greatly by the cost of construction of the neces- 
sary works, their effectiveness and durability, and the cost 
of their maintenance. It should be noted that the crucial 
point lies rather with the actual current charges for trans- 
port and maintenance of the works, than with the original 
capital expenditure on construction. From these considera- 
tions, however, it cannot be laid down as a general rule, 
which method will be cheaper, or which dearer. 

If only the cost of construction when compared with current 
charges were to decide the question in mountain -districts, a 
well-designed network of cart-roads and slides must be 
abandoned for ever, for such works, especially among high 
mountains, require a very large capital expenditure ; also then 
all ideas of constructing forest-tramways would he illusory. 
Whilst, however, the original cost of other works, such as 
wooden slides or wooden w’orks on a floating-channel, is com- 
paratively low, the cost of maintenance in their case is very 
high. This is also the case as regards the cost of using wood 
instead of stone in works on roads or floating-channels. In 
most cases an estimate of the cost of the works will show, that 
unless the price of wood is very low, the greatest attention 
must be paid to solid construction and durable material. 
Even where the prices of wood in the forest are locally and 
temporarily depreciated, there can be no reason for neglecting 
modern and rational modes of transport, improvement in 
transport being followed always by higher prices. 

How illogical it is that a forest-owner should be frightened 
by the prospect of large initial expenditure on durable means 
of transport, is borne out by actual experience in the case of 
forest- tramways. Independently of the great advantages they 
ensure for expediting the transport of forest produce to tlie 
centres of the timber-trade, for facilitating the sale of inferior 
assortments, for a rapid clearance of the felling- areas, prevent* 
ing a loss of wood, etc., the transport charges are actiuiHy 
much lessened when compared with ordinary cart-traffic, so 
that good interest is obtained for the capital which has been 
invested. In the Grimmnig forest range near Potsdam, the 
cost of transporting a ^ubic meter (85’8 cubic feet) of conim<>^^ 
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pine timber on the 2J kilometers {l^ furlongs) of forest 
tramway is O' 62 mark (7^^.), whilst its cost by cartage is 
1‘50 to 2 marks (Is. ^d, to 2s.). On the tramway in the forest 
range of Barr in the Vosges mountains, the cost of transport 
for a cubic meter of timber or firewood in the year 1889 was 
75 pfennigs whilst cartage for the same distance cost 
l’8i marks (la. The forest tramway at Rothau in the 

Vosges may be confidently expected to yield 6 per cent, on its 
initial cost, for the cost of transport per cubic meter is now 
1*60 marks (1?. 7d.) compared with 4-50 to 5 marks (4s. 6d. to 
5s.) by cartage. The cost of construction of the tramway in 
Kbersherg forest was very high, in round figures, 20,000 marks 
per kilometer (^£1,600 a mile) for the main line, and 4,000 
marks per kilometer (£320 a mile) for the branches (including 
lading apparatus, rolling-stock, etc.). It has, nevertheless, 
been possible to deliver a cubic meter of wood for 31 pfennigs 
md.) at the nearest railway- station, for which the cost of cartage 
would be about lOtf. The cost of constructing 105 kilometers 
of forest-tramways in certain Prussian provinces averaged 
4'32 marks per running meter (4s. a yard). The tramways in 
the Saxon forest-ranges of Roseau, however, cost 8*95 marks 
per meter (8s. 3d. a yard). 

Water-transport by rafting and in barges on streams and 
canals has been always one of the cheapest modes of transport, 
and so, in many cases, has floating. As regards floating, how- 
ever, the crucial points are : not too much cost in maintenance 
of works and conducting the business, and especially a con- 
siderable length of floating -channel. A regulated floating- 
channel always involves expensive construction for reservoirs, 
dams, booms, maintenance of the banks of the stream, etc., 
and these consequently increase the cost of floating, the more, 
the shorter is the floating-channel. Por the annual convey- 
ance to a distance of large volumes of butts and firewood, 
floating has been always one of the cheapest of methods 
practised; it often repays the cost of constructing works in 
solid masonry. 

4. Loss of Vohme. 

fl^he quantity of material loss of wood during transport 
flopends on the configuration of the ground, the mode ot 
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transport it necessitates, and also on the distance over which 
it has to be transported. In plains and low mountain-ranges 
there can be no question of any loss of wood during cartage or 
sledging on good roads, or in transport on tramways ; this is 
also generally true for log-sliding. There are also well-regu- 
lated floating-channels on which scarcely any loss of wood is 
experienced. In the higher mountain -ranges, however, where 
usually several modes of transport are combined, where there 
is an insufficiency of good roads, where the floating-channels 
are impeded by rocks and boulders, and where wood must pass 
over long slides or be thrown down chutes, it is evident 
that loss of volume is unavoidable, in spite of every precaution. 
By the loss of bark (which for timber forms 10 to 15 per cent, 
of the whole volume) chiefly by friction during the process of 
landing, or of wood sticking on rocks, etc., or sinking in the 
stream— in such cases and w^here a long distance is floated 
over — the loss of volume may be considerable and reach 10 to 
20 per cent., or more. 

[In India, a good deal of floating timber is stolen ; between 
1884 and 1886, 3,200 railway-sleepers were stolen from the 
Tons river, one side of which is not in British territory, out 
of 100,000 sleepers floated. There is also much sconrage, 
owing to the rocky nature of river-beds, and railway-sleepers 
intended to measure 6 feet by 8 inches by inches are cut 

feet by 8J inches by 4f inches to allow for this.— Tr.] 

In order to give an idea of the loss of volume in high moun- 
tain-districts, the results recorded for the Ramsau forest range, 
near Berchtesgaden, will be given. Here, as in most mountain 
forest ranges, all modes of transport are used, and late in the 
spring the w^ood is thrown down chutes (p. 278) ; the conse- 
quent loss of volume, varying with the length of the fall 
and the nature of the ground, is not less than 2 per cent., 
but not more than 12 to 15 per cent., for were it greater than 
the last figure, the utilisation of thife unfavourably situated 
forest must be abandoned. Once the wood has thus gone a 
certain distance it is conveyed further by means of slides, 
roads, or floating-channels. In sliding, if the slides are not 
interrupted by chutes, there is little loss, scarcely more than 
1 per cent, on fairly good slides, but if the slides are very 
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steep and combined with chutes, the loss may attain 15 to 
20 per cent, and more. In transport on sledges and carts 
there is loss only when part of the wood is dragged behind 
the sledge as a brake, and even then the loss seldom exceeds 
J per cent. Where sawmill butts are slid on the ground, or 
thrown down- hill, as is sometimes unavoidable, greater friction 
and loss ensues, which is at least 10 per cent. The loss in 
floating varies between 2 and 15 per cent, of the volume 
launched. Since frequently very different modes of transport 
are combined, as in the Kamsau forest-range, it is difficult to 
assign the amount of loss to any one of them in particular, 
but on the whole it may he admitted fairly that in land and 
water transport there is 0 per cent, of loss, of which 1 per cent, 
is in land-transport, and 2 per cent, by water. According 
to old observations made at the salt springs of Berchtesgadeii, 
the loss in land-transport and floating to the timber-depot 
there was 5 per cent, from the Bischofswies, 8 per cent, 
from the Hintersee, Ramsau and Schwappach, 20 per cent, 
from the Konigsee, and 30 per cent, from the Roth, a fall 
over a steep incline 600 meters (1,950 feet) high. At present, 
in all these districts, great improvement has been effected by 
constructing good sledge-roads in all directions. 

5. Deterioration in Qiuility of the Wood. 

The deterioration in the quality of wood during transport 
consists in external and internal damage. 

The former kind of damage may he recognised as soon as 
the wood has reached its destination by a brush-like loosening 
of its fibres at either end, in the case of both butts and fire- 
wood billets. To this may be often added a certain number 
of radial cracks. 

The internal damage is of much greater importance, affect- 
ing as it does the soundness of the wood; land-transport 
cannot have any influence in this respect, but floating is 
^old to be a cause of decay, which in the case of sawmill 
t>ntts is often considerable. Provided the floating is effected 
pfoperly, it could not be solely responsible for this, sup- 
posing that it were always possible to take the necessary 
precautions. But frequently this cannot he ensured, and 



m 


COMPARISON OF MODES OF TRANSPORT. 


consequently in the. outturn of the sawmills there must be 
a certain proportion of unsound boards and scantling. In so 
far, therefore, as floating actually increases the difficulties and 
practical impediments in the way of a rational treatment of 
wood, it is advisable, wherever it is not susceptible of improve- 
ment, to limit its use, at least as regards valuable timber. 

6. Influence of Railways on the Timber-trade, 

It is easy, from observation of the freight of goods-trains 
which pass through forests, to form an idea of the share that 
the ordinary railroads of a country take in the transport of 
wood. By the co-operation of branch-lines and road-railways 
the meshes of the railway-net are constantly narrowing and 
a great and important future is being prepared for facilitating 
the transport of wood by the use of railways, and by uniting 
them with main forest-railways and portable tramways. Plains 
and hilly districts alone can profit fully by these benefits; 
and although mountain forests, as we have seen, may par- 
ticipate also to some extent, it is chiefly long, gently inclined 
valleys, penetrating the interior of mountain-districts, where 
projects for tlie construction of forest-railways can be enter- 
tained at present. In general, however, the decisive arguments 
for and against the adoption of a forest-railway are : — whether 
large quantities of wood are available for trade along a given 
line of export, or the produce of a forest has to be distributed 
in detail to satisfy merely local demands ; the total amount 
of the produce in question, which may be augmented 
temporarily owing to damage by storms, insects, or other 
causes of injury ; and sometimes the probable duration of 
the demand for the produce. This last motive may also 
involve serious danger to the forest, in case the existence of 
a forest-railway should lead the manager, by over-felling, to 
pass beyond the limits of true forest conservancy. 

It is in the interests of silviculture, especially for the repro- 
duction of the standing-crop, to extend portable tramways as 
much as possible, in order to remove the produce of secondary 
fellings and standards in full-sized logs without injury to the 
young crop, and thus supply a quick and cheap transport of 
wood from the constantly shifting felling-areas to the nearest 
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timber-depot, or to a junction with an ordinary railway-line. 
It is, however, evident that for such a purpose only plateaux 
and plains can be utilised. The introduction of portable 
tramways into the forest-range of Einsiedel-Bebenhausen is 
well worthy of imitation, for there also a considerable saving 
of expense as compared with cart-traffic has resulted. 

[British railway-companies are often the owners of steamers 
and of quays at seaports, and therefore in order to attract 
custom favour the transport of foreign timber, by charging 
lower freights than for home produce* from intermediate 
stations. The rates for transport for home-timber are also 
much higher than on Continental railways, as the following 


table shows : — 

England 

Belgium 

France 

Germany 


Per tou per mile, 
in pence. 

. 2-5 
. '6 
. -7 

. -57— Tr,] 


7. Canals. 

In lowlands, canals are even more useful than railways, 
owing to the reduced cost of transport which they involve. 
The network of canals in Prussia is now being rapidly extended, 
and enormous quantities of indigenous and foreign timber 
are carried by the various canals. Canals are now being 
constructed to unite the Rhine with the AYeser, and also with 
the Danube and Main (cf. p. 409). 


8. Conchtsion. 

Facilitating wood-transport by increasing and improving 
the means of communication within and outside the forest 
has become a question of the first importance. Forestry has 
in many places lagged behind almost every other industry in 
this respect. Owing to the situation of forests, transport 

* In the United States of America, owing to cheap acqviisition of land for 
railways and rough construction, the capital expenditure is much less than in 
the United Kingdom. Consequently freights for timber are much lower ; and 
^"’ing to the plan of charging by complete car-loads, instead of merely by 
"’eight as here, a car-load is hauled for 1,000 miles for 12,s-. or 13.*. per ton, 
eostiug more here for 100 miles. 
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from them is most difficult, but this does not relieve foresters 
from the duty of making every endeavour to utilise all present 
engineering resources, so as to reduce, as far as possible, the 
present high rates of timber-transport. Apparently the present 
tendency is to curtail floating in favour of land-transport, 
either by cart-roads or tramways. 

Success in carrying out this programme will be justified at 
any rate by the consequent improvement in the quality of 
timber; its adoption is further enforced owing to the con- 
stantly increasing utilisation of water-power by other indus- 
tries, in most cases incompatible with the use of the same 
streams for floating. Changes in the mode of transport are 
occurring constantly, as sawmills are established more and 
more in the interior of forests. Nevertheless the time is far 
distant when floating and rafting will disappear completely 
from the list of means of forest-transport, and in many districts 
they can never be dispensed with. 



2<S4-a.— I) e Coulon’s monorail at Noufehateau. 
MAv Mathey. (//'. p. m.) 
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CHAPTEE VI. 

WOOD-DEPOTS. 

In order to collect transported wood in an orderly way, and 
store it for a longer or shorter period, a site must he selected 
for a permanent wood-depot, from which it may pass into 
the hands of the wood-merchant or consumer. Cases occur 
not unfrequently when it is necessary to keep the trans- 
ported wood, especially logs and sawmill butts, in water until 
it is used, but usually wood is stored on land and kept dry. 

The arrangement of a wood-depot differs according as the 
^YOod has been transported by land or water. 

1. Land-depots. 

Any well-drained area, sufficiently extensive and accessible 
to cart-traffic, will serve as a depot for wood transported on 
carts, tramcars or sledges. In collecting and storing logs, 



which are to he transported further by the purchaser, all that 
is required is to arrange them in an orderly manner after 
(laly considering the available space. If there is plenty of 
room and the logs are to be numbered, measured and regis- 
tered at the depot, they may be arranged as shown in Fig. 285, 
or the logs and butts may be placed in three or four layers, 
crosswise, one above the other. If there is not much room, 
and no necessity for estimating the volume of the wood, the 
icgs and butts may be rolled into heaps, as in Fig. 286. In 
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any case, precautions must be taken to keep the logs raised 
above the ground, and to secure for them free admission oi 
the air. 

If the wood is to be sold in lots at the depot, it should be 
arranged in suitable lots, according to trade custom. 

Wherever logs are to be stored for a number of years, 
it is best to keep them under water, provided they are 
immersed completely, and there is a moderate inlet and 
outlet of the water to prevent its becoming stagnant. Logs 
are then preserved most securely for .several years from 
decay and cracking, and can be converted readily into planks, 
scantling, etc. If it is not possible to submerge the wood, 



28 (i. — Stacking logs in a depot. 


and large quantities of wood must be stored dry for several years 
(as after insect-attacks, storms, etc.), the greatest care must 
be taken to isolate them from ground- moisture. Logs, there- 
fore, are barked thoroughly and rolled into parallel rows one 
above the other, in shady places, which are not exposed to dry 
winds ; also the stacks of logs are covered lightly with sods, 
to protect the logs from cracking in dry weather. • The wood 
suffers least of all on northern aspects. Under similar cir- 
cumstances, spruce logs keep better than silver-fir or common 
pine, and logs better than butts. 

In depots used for firewood brought by land, only the best 
class of firewood will repay further land-transport. Firewood 
requires the same precautions as timber, and generally 
wood depots also should be fenced and furnished with a gate, 
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which can be locked. The arrangement of the wood is done 
in a way similar to that in river-depots, which will be now 
described. 

2. River-depots. 


A large number of depots are used for storing wood after 
transport by water, and then arrangements are required differ- 
ing from those described under 


“ Land - transport, ” especially 
after the wood has been floated. 

The necessary characteristics 
of a good river^depot are: — 
immediate proximity to the 
floating-channel ; a site 
thoroughly exposed to air and 
wind ; the soil formed of sand, 
gravel or boulders to a depth 
of at least half a meter (1} 
feet) —otherwise it should be 
paved with large stones ; eleva- 
tion of a few yards above the 
highest flood-level of the 
stream, or in case the depot 
is so arranged that the wood 
lands itself, a sufficient fall in 
the different basins of the depot, 
that are separated by sluice- 
gates. In many cases it is also 
necessary to include protective 
works against floods, which will 
he described further on. 



Wherever only a little wood is floated and labour is plentiful, 
generally a sloping bank of the stream above the boom, if 
otherwise suitable, is selected, on which the wood is landed. 
As then all the wood must be dragged from the stream, and 
^any men employed simultaneously, the depot should extend 
loi' some distance along the river-bank and its breadth be 
^'educed to a minimum, allowing sufficient room for storing 
and removing the timber. 
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It is a good plan to dig a canal from the floating-channel, 
which reunites with it lower down the stream. The land 
between the two watercourses will form a good depot. At the 
point where the canal leaves the floating-channel, the latter is 
barred by a lateral boom, the terminal boom being placed at 
the point where the canal reunites with the main stream. If 
the terminal boom is on a small weir, and sluice-gates are 



supplied to the lateral boom, the wood can be stranded almost 
dry in the bed of the canal. Fig. 281 affords an example 
of this system in the river-depot at Berchtesgaden. The 
floating-channel (a) from the Konigsee here joirift the river 
Earn sail {h ) ; canals and depots are provided for the wood from 
the Konigsee at c and m, and at c and m' for the wood from 
the Eamsan, whilst the terminal booms are at b and h\ The 
canals are paved with stone, and the wood is stranded almost 
dry. 

Side-canals often bifurcate from floating-channels and lead 
to all parts of the depot, they again unite into maift caimls? 
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and these rejoin the main floating-channel. In such cases, 
the floating wood and the water are distributed, and the 
pressure on the sluice-gates and gratings, with which each 
side-canal is provided at its inlet and outlet, is as slight as 
may be. In order to attain what ia desirable in this respect 
and avoid fracture of the booms and other calamities from 
floods, the main canals and sometimes the floating stream 
itself are provided with outlets. The best and largest river- 
depots such as those supplying wood for salt-mines in the 
Alps are constituted on the principle of leading the floating 
\Yood out of the main stream, and distributing it as much as 
possible in the different basins of the depot, so as to reduce 
pressure on the booms and save manual labour in landing the 
wood. As an example, the newly-constructed river- depot at 
Thalham, near Munich, may be cited (Fig. 280). Firewood is 
floated down the river Mangfall to the boom (a), and hence by 
a side-cut into the reservoir, where the wood is collected in a 
preliminary manner. The reservoir has two outlets {vi, m) as 
a protection against floods ; at h are two canals, each provided 
with booms and sluice-gates, leading to the basins (/ and IT} 
where the wood is received. The basins are surrounded 
by solid earth-dams faced with masonry, paved with stones, 
and provided at their entrances and outlets with sluice- 
gates. At the end of the basins are gratings, through which, 
after opening the sluice-gates, the superfluous water can pass 
through the outlets (c, c) back into the river Mangfall, leaving 
the wood behind the grating. By this arrangement the current 
and the floating wood can be conducted into either basin until 
fl is full of wood. In a few hours, owing to the sloping nature 
of the bottom of the basins, all the water can he withdrawn 
t rough c, and the wood left stranded. Then it can be split on 
t e spot anfl removed in a perfectly dry state. The firewood 
stored in either basin can be conveyed to Munich, as 
fofluired, by the adjoining railway. Unfortunately this depot 
injured seriously by a flood, a few years ago. 
he extensive river-depots at Traunstein and other places 
serving for timber for saline works are now mostly abandoned, 
^ there are still large depots in the Alps constructed on lines 
^^Qnlar to those of the Thalham depot. As an example, the 
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depot at Lana, near Meran is given (Fig. 288). The stream 
K coming out of a rocky valley R R brings the wood between 
the strong river-walls a, a and the long boom m, vi by the 
floating-channel d, d into the depot 2 , where the wood is 
stacked at M, The waste-water flows back into the river. 

In all mountain-streams where floods occur, sawmills, as 
well as wood-depots, are placed in side-channels. This is 
essential, so that each mill may obtain its water-power 
separately and leave the main stream free for other mills and 
for floating purposes. In Fig. 290, the stream A is closed by 
a long lateral boom (uj) at the outlet of the mill-steam B. A 



290. — Sawmills, k, /J-, 011 a si: ream. 

(^0 is a second boom with a removable grating, behind which 
are sluice-gates, so that both the water and the floating wood 
be under control ; (a, a, a . . .) are outlets. The saw- 
URlls {k, k) receive the butts directly by water; the sawn 
boards are bound into rafts belo^v the mills and rafted down- 
stream. 

(b) Method of Landing and Storing Floated Wood. — As 
soon as the wood has been collected in front of a boom, the 
Pleasures taken for landing it must be arranged so that it may 
bo brought out of the water as soon as possible. Whenever 
^be depots are arranged so that the wood becomes stranded 
itself (p. 433)^ the workmen must be stationed at the 
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various sluice-gates and gratings, and be instructed carefully 
in the manner of landing the wood. 

Wherever the wood has to be dragged up to the depot, 
different methods of doing so are followed for sawmill butts 
and firewood- Butts are either rolled up the river-bank, or 
dragged up an ascending slope by horses or by machinery 
worked by the driving- w^heel of a sawmill. Firewood billets 
are either spiked by a floating-pole and thrown upon the river- 
bank, or passed from hand to hand by a chain of workmen. 

In some places machines are used for landing firewood. 
These machines consist of two horizontal rollers, one of which 
is alongside the water, and the other up on the bank of the 
stream. Two chains bound together link by link, and pro- 
vided at short intervals with projecting iron hooks, are passed 
round the rollers ; the billets of wood are then placed on these 
hooks, whilst the chains are set in motion by the upper roller ; 
the hooks ascend the river-bank with the billets, which fall 
off as they reach the upper roller.* These machines are 
specially useful when the depot is situated on a high, steep, 
sloping river-bank. 

3. Methods of Storimj Wood. 

The landed billets are conveyed to the stacking-yard in low 
tramcars or wheelbarrows, the round pieces being split pre- 
viously ; they are then stacked, beginning at a point in tke 
depot the furthest removed from the water. In stacking, great 
care must be taken not to occupy too much space, to leave suffi- 
cient room for ventilation between the different stacks and erect 
the latter in a stable manner. With this object, the stacks of 
firewood are placed in long rows, in the direction of the prevail- 
ing wind, and made as high as their stability will permit. This 
is rarely higher than fifteen to eighteen feet. In erecting ^ 
stack, first the base is prepared as in Fig. 291, in order to keep 

• On the river llz near Passau, there are ten of these machines whicii «ave 
40 % of the former cost of manual labour for landing the firewood. 1^0 to 200 
stacked cubic meters (100 to 140 loads) of wood can be raised thus in a da\- 
At Hals, also on the 11 7., similar machines worked by steam-power are used 
raising butte up to tlie depot, 8 meters (26 feet) high. Thus the heaviest ki^' 
of butts are raised. 
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the wood as much as possible * from the ground and prevent 
its deterioration ; or merely two parallel lines of billets are 
laid on the ground, on which the wood is stacked. In the 
damper parts of wood-depots, especially in the case of large 
depots where there is not enough fall to allow the water to 
drain-off rapidly from the wood, and wherever the wood is 
stacked whilst still wet, 
this should be done as 
in Fig. 292. 

Each stack must be 
finished off at both ends 
by crossing the billets to 
prevent it from falling. 

Ill very long stacks, it 
is advisable to place Fig. Rase of stack. 

some rows of crossed billets in their centre, so as to give more 
stalfility to the structure. In the case of very high stacks, 
the crossed billets at their ends should be connected by trans- 
verse pieces, as in Fig. 293. Between any two stacks there 
should be left a space of at least two feet, to allow for 
ventilation. Wherever, on account of scarcity of space, it is 



necessary to reduce 
the distance between 
the stacks to two feet, 
and the stacks are 
also high, two adjoin- 
ing stacks are joined 
as shown in Fig. 293, 
which greatly adds to 
their stability. Wher- 

Fig. 2il2. — Stack of wet billets, , , 

ever carts must pass 

between the stacks to remove the wood, a sufficient passage 



biust be allowed between adjacent stacks for their passage. 

unfrequently, however, owing to want of space, four to 
Six stacks are crowded together without any intervening space, 
for instance, at Prague, where the arrangement shown in 
294 is followed. 

^^here large quantities of firewood remain stored for a long 
at a depot, often a roofing of billets is supplied, as in 
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Fig. 293. This excellent mode of stacking keeps the wood dry 
without any considerable cost. Wherever, in high stacking, 
the stack has become higher 

t than a man’s chest, stands must 
be used from which the billets 
may be handed to the stacker. 
This is especially the case with 
roofing. Evidently the billets 
should be piled as densely as 
possible, and the walla of the 
stacks made vertical. 

]\Iany wood-depots in towns 

are intended to facilitate the 

sale of wood to small pur- 
chasers. In such cases the 
^ supplied ill 

Fig. 2‘)3.-Roofcd stack of billets, o^.^inary sale-lots. The stacks 

are then usually twice as high as the billets are long, and arc 

separated by upright posts. Id other depots the wwl is 

measured separately for each 

purchaser. Whenever the 

sale of firewood is carried on 

in detail, it should also be 

sorted according to quality; 

this assortment of the wood 

is effected as soon as the 

w^ood is landed, the various 

pieces being brought together 

from all parts of the depot. 

When once the wood has been 
sorted and stacked, the stacks 
are numbered and measured. 

Wherever firewood is piled 

separation into sale-lots, the ^ „ _i 

. . , . , , Fig. 294, — High stacking of hrew 0011* 

measuring is done simply by 

taking the length and height of each stack ; where the billets 
are crossed, a deduction must be made from the volume, the 
amount of this deduction being ascertained by experiment an 
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averaging the seventh or eighth part of the length of each 
stack. Wherever the firewood is arranged in sale-lots, its 
measurement consists simply in counting the latter. 

4. Registration of the Receipts of Wood at a Depot 

It is quite obvious that in all wood-depots an account must 
be kept of all the receipts of wood both as regards volume 
and quality. The volume of the timber and of the stacks of 
firewood is ascertained in the usual manner, A further allow- 
ance has, however, to be made for the loss incurred during 
the transport of the material, which also naturally involves 
measurement of the wood before it was transported. Wherever 
wood has been transported carefully by land, the loss is either 
inconsiderable or absolutely nil, but when wood has been 
dragged over rough ground, or thrown downhill, etc., there 
may be a considerable loss of volume during transport. Loss 
daring transport by water also may vary between 0 and 10 or 
12 per cent. It is obvious also that the volume of the sunken 
wood which has been recovered should be deducted from the 
loss during floating, and that any losses occasioned by careless 
land-transport previous to floating must be excluded from loss 
due to floating alone. 

The following circumstances influence the loss of floating 
wood the condition of the works on a floating-channel ; its 
length ; the kind of wood floated and its comparative dryness ; 
the mariner in which’ the wood is stacked in the forest, and in 
the depot ; the question whether wood has been brought down 
to the launching place on slides or roads ; also extraordinary 
occurrences such as floods, theft, etc, 
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CHAPTEE YIL 

DISPOSAL AND SALE OF WOOD. 

The disposal and sale of wood includes all the transactions 
by which wood passes directly or indirectly into the hands of 
the consumer. A distinction is made between the disposal of 
the wood, and its sale, as two questions are pending : to whom 
in the first place shall the wood be delivered? — then, how 
shall this be effected ? 

Section L — Disposal of Wood. 

According to the nature of the produce of a forest, the 
demands made on it, and the various intentions of its owner, 
different destinations may be given to the converted wood on 
a felling-area. The demands on the forest are of a double 
nature : they are either legal demands which limit the freedom 
of the owner in disposing of his produce, as in the case of 
forest-servitudes, contracts, etc. ; or the owner is absolutely 
free to dispose of the produce according to his own wishes. 
In the latter case the question arises, whether the forest-owner 
will be disposed to consider the requirements of residents in or 
near the forest ; or will merely study his own direct interests, 
a very different matter. It is obvious that in both these cases 
he will consider first of all what wood he requires for his own 
special wants. 

As all these different modes of disposal of forest produce 
remain about constant year by year for a separate unit of forest 
management, there is generally no difficulty in subdividing the 
annual yield of a forest according to certain fixed heads, which 
must now be considered seriatim. 

1. Wood delivered to Right-holders. 

Wherever a forest is burdened with wood-servitudes, the right* 
holders have the first claim to the produce of a felling-area. 
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The legality of all claims for wood, as a right, must be proved 
first by reference to the map or record-book of the forest 
rights; this enquiry is often a serious business when the 
right-holders’ wood has to be distributed in small lots among a 
number of persons. In such cases, in many districts, fixed days 
are assigned for the right-holders to attend the forest-manager 
and make a declaration of their demands. This declaration 
must be examined, rectified, and if needful referred to the 
superior officials for confirmation. Every delivery of wood to 
right-holders must be made on presentation of a written order 
from the forest-manager, and a receipt for the wood must be 
given by the right-holder. 

If the right is to firewood, the quantity and quality of the 
wood being stated, the forest-owner is least seriously affected 
by the right ; and in the next degree, when the right is to the 
kind of timber prevalent in the forest. If, however, the right 
is to all wood of a certain class, for instance, all branches and 
round billots, all the brushwood or stump-wood of a felling- 
area~if also the quantity depends on the manner in which the 
wood is converted and sorted~the distribution and supervision 
of the right-holders’ wood becomes more arduous, and often 
involves complaints of short measure from the right-holders. 
Great care must be taken during the conversion and sorting 
of the produce; wherever also the dimensions of the right- 
holders’ wood are given precisely in the statement of rights, 
this must be attended to carefully during the conversion. 
Ihe most hurtful rights are those that are not fixed in 
quantity, but only by the requirements of the riglit-holders. 
If such rights to firewood should burden a forest and no legal 
definition can be obtained of their extent, an annual com- 
putation must be made of the volume required by each right- 
holder, or for each class of household. This burdens the 
manager with a tedious undertaking, beset with all kinds of 
difficulties. 

^ Deliveries of building-timber to right-holders are of a 
similar nature. Such a right can be limited only to the actual 
requirements of the right-holder, according to the number and 
dimensions of the buildings in question. It is the duty of the 
ffii'est officials to ascertain carefully the actual requirements of 
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material for repairs or new buildings, whenever a demand for 
building-timber is presented. If the demands of the right- 
holders are supported by estimates made by trustworthy 
builders the forest-manager is spared much trouble. Deliveries 
of wood for implements or industrial purposes are also arranged 
similarly. 

2. Wood delivered to Contractor's. 

Frequently a forest-owner is under agreements, more or 
less binding, to supply wood to neighbouring industrial works; 
such as iron-foundries, smelting-furnaces, sawmills, factories 
for furniture, pyroligenous acid, wood-pulp, etc.; or to 
contractors or wood-merchants. Wherever the manager is 
bound to deliver a certain volume of wood to such establish- 
ments, their claims must be satisfied after those of the 
right-holders. 

As a rule, except after some extraordinary calamity such as 
a storm, snowbreak, etc., the manager is not bound to deliver 
any fixed quantity of wood to a contractor ; but an agreement 
is made, to deliver to a factory or a wood-merchant all the 
material over after satisfying the local demand, or all the 
wood of a certain class, such as round billets, etc. Whether 
or not a forest-owner should undertake such contracts, 
especially in the case of timber, depends chiefly on the 
market there is for his wood. In extensive forests which are 
not opened-out sufiiciently by roads or other means of com- 
munication, managers of industries which utilise wood, and 
wholesale wood-merchants, are often the only purchasers; 
the forest-owner is then willing to submit to an otherwise 
burdensome agreement, in order to increase the forest 
revenue. Wherever there is a good competition for the 
wood, there can be no reason for contracting beforehand for 
its disposal. Not unfrequently, however, the possibility of a 
good sale of timber, even in the forest itself, depends on tho 
maintenance of such industries, especially sawmills, which 
consequently do not reduce the prices of wood. This is due 
to the fact that sawmills favour the transportability of wood 
and convert it into actual merchandise. Even in this latter 
case it is advantageous to the forest-owner, who wishes to 
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support Buch industries in his forest, to bind himself only 
partially. Thus it is advisable to make contracts for two or 
three years only, and especially when trade is slack. Finally, 
in deciding the terms of a contract, great care and fore- 
sight must be shown by the forest-owner, or his interests 
will be prejudiced seriously, as long experience has proved. 
Wherever it is possible, the owner should not guarantee the 
quality and volume of the material to be delivered; if 
certain assortments are to be supplied, they should be only 
8ueh as are prepared usually in his forest, otherwise it is better 
to abstain altogether from a contract. 

3. Satisfaction of the Hequirements of the Forest-Owiier. 

Every forest-owner requires wood for his own use, whether 
on a large scale or not ; after satisfying the demands of right- 
holders and contractors ; therefore he will consider ^vhat are 
his own requirements. 

A private owner of forests requires firewood, building 
material and wood for gate-posts, fences, etc. If he owns 
any works, the wood necessary for them should be supplied 
also. 

Municipalities and Communes owming forests require five- 
wood for public offices, schools, etc. ; they also grant firewood 
free of charge to school-instructors and ministers of religion ; 
timber for repairing churches, public buildings, etc. ; finally 
every household has to be supplied with firewood and building 
material according to its requirements. 

The State, as owner of forests, may be expected to supply 
firewood and timber to meet the requirements of the Forest 
Department, of its mines and smelting furnaces, of the Public 
Works Department and other public bodies. 

(a) The requirements of the Forest Department.— Wood 
is required for forest departmental purposes, for fencing 
nurseries, parks and lands occupied by forest officials, but 
especially for the construction and repairs of departmental 
buildings, woodcutters’ huts, roads, bridges, slides, etc.* 

* [All wood used in this manner should be shown separately in the register^ 

forest produce.— Tr.] 
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(b) Wood required for Mines, Smelting Furnaces, etc.— 
Where works of this nature are very extensive and require 
annually for their maintenance the yield of entire forests, it 
was formerly the custom to assign the management of a 
suCGcient area of forests to the administration of the works, 
in order that the forests might be managed purely in their 
interests (such forests are termed in German, Saalfont, 
Montanforst, or Heservatforst). Experience has, however, 
shown that such an allotment of entire forests to mines, etc., 
has not resulted in any benefit to the forests ; on the contrai}^, 
in some cases, they have been thus destroyed. Forests have 
therefore, recently, as in Bavaria, been withdrawn from the 
administration of the mines; the necessary wood is now 
furnished to them by the Forest Department.* 

(c) Wood required by the Department of Public Works. 
— The requirements of the Public Works Department for 
rectifying river-banks, for railways and less frequently for 
public buildings, gave rise to similar assignments of forests 
(such as coppice for growing fascines) to that department, with 
this object in view. Experience has shown that it is disad- 
vantageous to the State to deliver timber for building purposes 
to the public works officials from the State forests, the 
procedure being uneconomical and inimical to the State 
budget. Even forest buildings do not form an exception to 
this rule. 

[As the French Navy has still the right of preemption of 
wood, chiefly oak, in the French State forests, a short account 
of the procedure in such cases will be useful. Royal ordi- 
nances dating from a.d. 1318 allowed the French Navy the 
right of preemption of wood in all the forests of France, 
whether private or otherwise, agents being sent by the naval 
authorities to mark trees in the felling-areas. This right 
continued up to 1838, when it was abandoned (with, how- 
ever, the power of resuming it if necessary) in favour of 
purchasing the required wood in the open market. After the 
latter procedure had been in force for 20 years, the right of 
marking suitable trees in the State forests was resumed by the 

• [A similar case is the Kumaon Iron Mining Company’s Forest Grant, in the 
N. W, Provinces of India, which has been resumed by the State.— Tr.] 
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jiavy in 1^66, rules regarding wood for the Navy 

were framed by the For^t and Marine Departments, and may 
be summarised as follows : — 

Before the trees are marked for felling in any State forest, 
the agents of the Navy mark with a circle of oil paint any 
trees which they may consider suitable for naval construc- 
tion, in compartments where fellings are in progress. These 
trees are then marked for felling at the usual lime and in the 
same way as the other trees in the felling- areas, but with 
special marks. All the marked trees are sold standing, as is 
usual in France, but the purchaser pays only for the crowns 
of trees chosen for the Navy, excluding any boughs which 
have been specially reserved. He then fells all the trees, but 
a naval engineer examines those stems which had been 
specially marked for the Navy and then proceeds to convert 
them into the necessary pieces and remove them to a sea-port. 
The price is fixed for a period of five years at so much a cubic 
meter, and a current account kept between the Navy and 
Forest Department. Boppe, op. cit., p. 228.— Tr.] 

(d) Wood required for Floating- Channels and Wood- 
Depots. — Formerly it was considered the duty of the State to 
maintain large firewood-depots in districts where there were 
110 forests, and to convey the wood there at its own charge. 
In order to carry-out this object a special floating department 
was organised, to which the necessary volume of wood was 
delivered from the German State forests. Since means of 
communication have been extended and with them the trade 
in firewood, the necessity for the department has disappeared, 
and it has been abolished. 

(e) Wood required for Sawmills. — There are several 
German States and Communes owning sawmills, the manage- 
ment of which is more or less independent of the Forest 
Department. (For instance, Brunswick, Alsace and Lorraine, 
Hanover, Baden, etc.) 

(f) Wood given to Privileged Persons (Deputatholzer ). — 
Hnder this heading comes wood given as part of the salary of 
Government servants ; in some States, as in Mecklenburg, 
inferior firewood is given gratis to the poor. 

Special orders are given by superior authority to the local 
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forest officials as regards the delivery of wood of the different 
c lasses referred to above. 

4. Disposal of Wood by Sale, 

All wood which is not required under any of the above 
headings will be sold. The next section describes the different 
inodes of sale, the only point of interest here is into what 
hands the wood should come after being sold. A distinction 
is thus made between satisfying local demands and sale of 
wood to traders. 

(a) Satisfaction of Local Demands. — Care for the protection 
and tending of his forest often will lead a forest-owner to con- 
sider, first of all, the requirements of people living in or near 
the forest. As this can be done only to the extent of their 
own absolutely necessary requirements, it will suffice, if, as a 
rule, the less valuable assortments are set-aside for this 
purpose; usually only inferior assortments of firewood and 
building timber are sold thus in a market limited by the 
exclusion of wood-merchants. Whether or not the State will 
undertake to satisfy local demands on a large scale depends on 
its vacillating interpretation of the la^vs of national economy. 

(b) Sale of Wood to Traders. — The sale of wood to meet 
local demands is opposed to its sale to traders, as then an 
open market is understood. When once a forest-owner has 
satisfied local demands, his desire to sell the rest of his 
produce at the highest price attainable is distinctly to the 
advantage of his forest. It is chiefly the best timber and 
wood with which the forest-owner can speculate that can 
be exported with profit to a distance. For very many forests 
the mode of treatment and conversion depends on the timber- 
trade, and many forests can be worked only with the help of 
the wood-merchant, local demands being small and easily 
satisfied. Disposal of wood for trade purposes is therefore in 
most forests the most important mode of utilising them. 

5. Loss of Wood, 

Cases occur where wood already registered as received may 
be lost, for instance, by fire, theft, etc. The possible loss of 
wood is therefore a mode of its disposal. 
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Secxion II. — Sale op Wood. 

Wood, like every other raw material, is an object of trade 
and is sold in various ways, the pro and contra of which will 
be described here. As, moreover, every forest-owner desires 
to obtain the highest possible revenue from his forest, and 
this is chiefly determined by the price he obtains for his wood, 
the question arises as to the general trade-principles govern- 
ing the sale of wood, in order that this object may be attained. 
The modes of selling wood may be distinguished in two ways : 
first, the form in which the wood is offered for sale by the 
forest-owner ; secondly, the different kinds of sale, depending 
on the manner in which the price is determined. 

1. Form in which Wood is Sold. 

Wood may be sold either by detail after conversion into 
logs, stacked firewood, etc. ; or by standing trees. 

(a) Sale by Detail. 

Sale by detail follows after the felling, conversion and 
removal of the wood to a forest-depot, which operations have 
been effected by a body of woodcutters engaged for the work 
by the forest-owner. The wood is sold in larger or smaller 
lots, or by the whole volume of certain assortments, according 
to the kind of sale in question. 

Sale by detail is the most rational mode of sale, as the lots 
have been estimated in quantity and quality and their value 
can be determined accurately. It presupposes, however, the 
certainty of recovering from the purchasers all the cost of 
felling, conversion and removal of the material. AYherever 
there is a fair demand for wood, this is the usual mode of 
Bale in Germany,. Austria, Hungary, Switzerland and some 
other European countries. 

(b) Sale of Standing Trees. 

The sale of standing trees involves the sale, or at least, the 
fixation of the price, before the wood is felled. This may 
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imply the sale of the fall of timber on a felling-area for one 
year, either by single trees, or by a part or the whole felling, 
area ; or of the principal yield of a forest for a term of 
years. Where the fall of timber during a single year is sold, 
two methods are in force, according as the felling and 
conversion is done by the owner, or by the purchaser. 

i. SaU hy Unit of Produce. 

Sale by Unit of Produce implies either that the felling, 
conversion and clearance of the felling-area is done by the 
forest- owner, or by the purchaser (as in France) ; in the first 
case it closely resembles sale by detail, differing from it only 
in the fact that the prices are fixed for each wood-assortment 
before the trees are felled, also that the purchaser contracts to 
pay at rates previously agreed upon for all the wood of tlie 
assortments he has bought. 

Such sales are at present frequent in Germany, Austria- 
Hungary, Switzerland, France, etc. They extend usually to 
the produce of a whole felling-area, and the fellings may be 
of any character, as neither silvicultural interests nor the 
revenues of the forest are prejudiced by the mode of conver- 
sion. As the prices are fixed separately for each wood -assort- 
ment, and for different classes of assortments by the unit of 
cubic contents (cubic meter), an approximately correct estimate 
of the real value of the yield is secured. When experience of 
the results of former fellings does not guide the owner (by 
taking percentages) as to the volume and quality of the crop, 
the probable produce from each tree should be calculated 
separately, and an estimate thus made of the volume and 
quality of the yield of the whole felling-area. It is, however, 
evident that no guarantee should be given to the purchaser of 
the exactness of this estimate. 

Where this mode of sale is applied to single trees (as, for 
instance, large oak-trees) and not to entire felling-areas, a 
better forecast of the real value may be obtained. 

[In France, where the conversion is done by the purchaser, 
all the wood cut and converted is measured by the managei' or 
his forester before it leaves the area.— Tr.] 
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ii. Oonvermn hy the Purcham. 

When trees are sold standing and the purchaser undertakes 
their conversion into timber and firewood, if the seller and 
purchaser are not to be quite in the dark as to the real value 
of the trees, a much more careful forecast of the yield should 
be made than in sales by unit of produce; if this is not 
thoroughly ^vell done, the forest-owner will certainly come out 
of the business at a loss. 

These sales may deal with all the standing trees on a 
felling-area or on a demarcated portion of a felling-area. In 
such cases, the estimate of their value depends on an accurate 
survey of the area, and a calculation of the average yield of 
ail acre, which is possible in the case of homogeneous woods, 
such as pure coniferous even-aged woods, or coppice. Then 
care must be taken, in case experience of the yield of similar 
fellings is not available, to make use of every assistance which 
the different methods of valuation can afford. Generally, 
in Russia, crops of standing trees are sold by area [and so is 
coppice in England. — Tr.] 

If, however, the sale is only of certain marked trees on a 
felling-area, the protection and tending of the forest may be 
endangered rfmch more than when the sale is by area. This 
is specially the ease in regeneration-fellings or fellings by 
selection, and in those of trees standing over poles. This 
laode of sale may, however, be applied advantageously to 
standards over coppice, or to isolated large trees in middle- 
aged high forest, or in forests where the trees are far apart, as 
^ Russia. It is more admissible for conifers than for broad- 
leaved species, as the real value of the former may be forecast 
0101 e accurately than that of broadleaved species, which so 
frequently suffer from internal defects. 

Hore and there, material of little value, the conversion 
of which would prove too costly for the forest-owner, 
be sold eji masse, such as stunted wood on waste 
inferior pollards, stumps of trees which are difficult 
0 opioot and split, etc. A purchaser who estimates his 
labour at a low value may find a profit in purchasing 
material. 
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iii. Lease of the Yield of a Forest for a Term of Years, 

The two preceding modes of sale involve the sale of onlv 
one year’s fellings in a forest, but not the lease of the annual 
yield of a forest for a term of years. This was formerlv 
almost the only mode of sale in the vast Austrian mountain, 
forests. During the eighteenth century, nearly all extensive 
works using wood obtained the assignment of adjoining I 
forests for their exclusive use, sometimes with the sole i 
stipulation that the management of the works should remove ^ 
all the trees in a forest during a rotation, on undertaking to ■ 
pay all the costs of maintenance of the forest. This privilege 
was termed Kolilmdmung (charcoal concession), and implied 
the right of the works to take so much charcoal annually foom 
the forest. Such concessions of forest produce are made no 
longer, but leases of forests for terms of three to ten years still 
prevail, chiefly in Russia, Sweden, West and East Prussia, in 
some provinces of Austria-Hungary (Moravia, Bohemia, etc.), 
Switzerland, etc. The price is then fixed by formal, written 
agreement. Some of the older concessions are not yet 
abolished, in spite of repeated endeavours on the part of the 
German Forest Departments and of private forest-owners. 

iv. General Remarks. 

The chief point to be observed in all sales of standing trees 
is to decide the requisite silvicultural and protective conditions 
and to word them clearly; a thoroughly detailed descriptionei 
the material to be sold should also be given. In France, lists 
of trees to be sold standing are published in pamphlet-foriu 
giving all the sale-lots on the felling-areas of a single forest 
range [inspection] for a whole year. 

[In these French lists, besides the number and species of 
trees 'in each lot and their cubic contents in timber and iirO' 
wood, a list is given [cahier des charges) of all the protective 
works to be done at the expense of the purchaser, such as 
pruning, planting-up blanks, repairs to roads, etc., together 
with estimates of their cost. Strict general silvicultural anil 
protective rules for the conduct of the fellings also are printed in 
each pamphlet.— Tr.] 
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III Austria, also, much acuteness has been shown in devising 
the conditions of sale of standing trees. 

2 , Vanous kinds of Sale. 

Three kinds of sale of forest produce are in use, which 
depend on different methods of fixing its price, namely, sal© by 
royalty, sale to the highest bidder and sale by private 
contract, 

(a) Sale by Koyalty. 

Whenever wood of any assortment is sold at rates fixed by the 
forest-owner, the mode of sale is termed sale by royalty, or 
sale at fixed rates or tariff-prices. The characteristic of this 
mode of sale is that the price is fixed by the seller, the forest- 
owner providing for the distribution of his forest produce 
among its consumers. 

i. Mode of fixing Ike Roijdliy, 

By the term royalty is meant the present local value, in a 
forest-district, of any wood- assortment, as it is determined by 
the free action of demand and supply in the timber-market and 
in auction- sales. The royalty for any assortment is determined 
by taking the average price during a recent period for all 
similar wood sold within a certain district. The larger the 
volume of wood sold in the open market, and the narrower 
the limits of time and place within which the average price is 
feed, the more nearly will the royalty correspond to the 
correct price of the assortment. 

formerly royalties were fixed on quite different grounds 
horn these. Up to the end of last century it was considered 
advisable — and in some countries this is even still the case — 
that the State, at any rate, should sell the produce of its 
torests at moderate rates to. the people. Eoyalties therefore 
^’ere kept low purposely, so much so, that they were considerably 
Wilder current local prices ; they formed the minima margins 
of the prices of forest produce. 

Royalties were fixed for a district by making benevolent 
Estimates of prices, after considering the area of the district 

G G 2 
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that was under forest, the economic condition of the popula- 
tion, the cost of transport, and, finally, the different qualities of 
the wood-assortments. It was, therefore, a mere stroke of 
luck if the royalty was anywhere near the correct price of an 
assortment. How little, indeed, this was the case, may be 
gathered from the fact that often royalties were fixed for 
entire provinces or small States, and frequently remained 
unaltered for long periods. If the forest ofSciala desired to 
counteract these had results to some extent, they had to 
propose an increase in the royalties for certain special cases, 
and thus attempt to reform an evil by imposing a greater one. 
This system did most damage in Austria, where certain State 
and private forests were assigned to mines of salt and other 
minerals, supplying them with forest produce at prices 
which were for the most part ludicrously low, often so low 
as to cover barely the cost of maintaining the forests. 
In this way, forests were deprived of their proper revenues, 
and their maintenance and development were hindered 
unfairly. 

The great harm done to forests by low wood-prices, the 
rising value of all raw material, the constantly increasing ; 
demands on State treasuries and the many inconveniences 
resulting from the above antiquated ideas in the sale of forest 
produce, have, in most countries during the second and third 
decades of the present century, led to a complete change of 
principle. It is now admitted that the forest-owner, like any 
other producer, is thoroughly justified in selling his produce 
for its full value. 

Even if there can be no question that the price of fire^vood 
depends on that of coal, yet to depress it as low as that of coal 
merely on this account is not fair, for there arc several other 
intervening circumstances which must not be neglected, such 
as custom, comfort, etc. 

The price of wood varies with time and place, and in order to 
allow due weight to these factors in fixing royalties, different | 
tariffs must be assigned to different districts or sale-depots. | 
Thus, all places where wood prices are about the same should 
be comprised within a sale- district, excluding places where 
there are any marked differences in prices. In a proviiicor 
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district, or forest-range, therefore, there will be as many 
tariffs as there are market-values for the same wood-assort- 
meut. But even the very points which have occasioned the 
separation of sale-districts from one another may themselves 
vary, and render it necessary to alter the circumscriptions of 
the latter. In a similar manner allowance is made for 
periodic variations in wood prices, by revising the tariffs 
whenever a general rise or fall in prices has occurred. Owing 
to .the present changeable nature of trade this should be done 
almost every year, at any rate for sale-districts within the 
reach of the general trade in wood. As regards very valuable 
wood-assortments, tariffs should be revised even more than 
once a year, whilst for inferior assortments, longer intervals, 
from two to three years, will suffice. 

Where most of the annual yield of a forest is sold to the 
highest bidder, tariffs are prepared for the ensuing year by 
taking the average sale-prices in round numbers for each 
assortment, due allowance being made for any abnormal cir- 
cumstances affecting particular sales, or for assimilating the 
tariffs sufficiently to those in force in neighbouring sale- 
districts. Whenever the average results of sales to the highest 
bidder do not afford sufficient data for framing tariffs, the 
market-prices of wood in neighbouring towns should be 
utilised also, naturally after deducting the cost of transport 
from the forest depots. 

In many cases the forest-range will suffice as a sale-district. 
It may, however, be necessary to subdivide a forest-range into 
two or more sale-districts, i.e., to fix several tariffs in a range 
according to the different directions in which the produce is 
distributed. This is generally the case with ranges situated on 
Ike borders of extensive forests, or composed of widely 
Scattered isolated forest blocks, and where considerable differ- 
ences of prices result from different transport charges. In 
kigh mountain- regions, especially the Alps, tariffs will depend 
the altitudes of different zones of forest ; thus, the lowest 
^one, including the valleys, may form one sale-district, the 
Middle zone, another, and the highest forest zone, with Alpine 
kamlets, cheese-factories, etc., the third. 

a rule, royalties include the cost of conversion and 
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removal from the felling -are a. In districts where the conver. 
sion and removal of the wood is done partly by the purchaser, 
two tariffs will be in force, including or excluding the above 
charges. 

ii. Application of the Method of Sale hy Royalty. 

There are districts where, in consequence of admitted rights, 
almost the whole annual yield of forests in firewood is disposed 
of by royalty, either at a full or reduced value ; in other dis- 
tricts this happens in the case of only a portion of the yield 
and no further than sheer local necessity requires. In most 
cases, however, sale at tariff-prices has receded quite into the 
background, and is confined to : cases of unforeseen distress; 
wood-assortments which cannot be sold to the highest 
bidder ; inferior lots, the sale of which will not repay auction 
charges, or rare assortments of specified kind and shape; 
also, finally, in some districts, to the requirements of the 
forest officials, who are not allowed to bid at auctions. 

In country districts, it is chielly wood for agricultural 
requirements, such as bean-sticks, tree-props, etc., which in 
cases of considerable demand should be sold by royalty, as in 
this way theft may be prevented. 

It may be imagined, since sale by royalty is at present 
generally the exception, that the fixation of a correct tarilf is 
a matter of only second-rate importance. This is, however, 
not the case, for a continual knowledge of the actual value 
of forest produce is advantageous in many ways. Koyalties 
are the best means of deciding the acceptance of offers to 
purchase wood, or when to knock-down lots .to bidders at 
public auctions ; they afford a means of estimating the value 
of stolen produce ; they are indispensable in every kind ot 
forest valuation, and in calculating the value of forest rights, 
damage, sale of forest land, or other similar questions, 
and finally in calculating budget-estimates and other state- 
ments. 

Koyalties are evidently useful only when they represent the 
actual momentary local value of wood, i.e., its average market 
price for the time being. Unless this can be affirmed of them 
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they are absolutely worthless. It must not, however, be for- 
gotten, that royalties also possess the character of prices fixed 
Ijy authority, and thus often exercise an influence on market 
prices that is not always justifiable. 

(b) Sale to the highest Bidder. 

The next mode of sale to be discussed is, when a purchaser 
offers his wares for sale to the highest bidder in the presence 
of a larger or smaller number of purchasers. The charac- 
teristics of this method are, that the price is fixed by the 
purchasers, and the wares, Le., the forest produce, is divided 
among the consumers according to their own requirements 
and without direct interference on the part of the forest 
owner. 

Sale to the highest bidder may be effected by public auction 
or sealed tender. 

i. Sale by Public Auciion. 

(a) G-eneral Account. — Public auction-sales may be con- 
ducted either by the purchasers out-bidding one another, or by 
putting up each sale-lot at a prohibitively high figure, a public 
crier then calling out at regular intervals successive reductions 
by a fixed sum of this figure for any lot, until one of the 
purchasers signifies his acceptance of the lot at the last figure 
proclaimed by the crier. This latter mode of sale is termed a 
butch auction, and in case two or more purchasers accept a 
lot simultaneously, it is put-up for sale to the highest bidder 
among them. 

Sale by successively increased bids is the common mode of 
auction-sale in Britain, Germany, Austria-Hungary, Switzer- 
land, etc., whilst Dutch auctions for forest produce prevail in 
I'l’ance, Belgium, Holland, Alsace and Lorraine. 

Dutch auctions for forest produce are employed generally 
in the case of valuable timber sold in large lots, and when 
^oly a few purchasers are present who are men of means ; they 
preferred in Alsace. Wherever wood is sold in small lots 
to a number of small purchasers such a method would be out 

place, for the following reasons ; it takes much more time 
tbaii when purchasers outbid one another ; where there are a 
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large number of purchasers assembled, only a few of them 
will have the requisite presence of mind to make a bid at the 
right moment ; customary usage may be against this mode of 
sale. 

[Dutch auctions are preferred in France in the sale of 
standing trees in the principal fellings, because there are a 
body of large contractors, termed adjudicataireSf who make it 
their business to purchase the marked trees standing on a 
felling-area, and convert and remove them for sale to smaller 
dealers or industrial enterprises. These men visit every 
felling- area within their beat, measure and estimate the value 
of every marked tree ; they know exactly what amount they 
can afford to pay for the trees and bid accordingly. French 
foresters consider that Dutch auctions prevent the purchasers 
from agreeing not to out- bid one another ; a purchaser cannot 
know beforehand at what figure any other purchaser will buy, 
and therefore dare not delay too long in his offer to purchase, 
fearing lest the lot should fall to another person. In France, 
the felling-areas are subdivided into lots, which are marked out 
on the ground : no lot should exceed 10,000 francs, .£400, iii 
value.— Tr.] 


(b) Procedure in AiLction-Sales of Wood. 

"When once the mode of disposal of the produce of a felling 
has been decided, the wood that is to be auctioned shouW 
be carefully valued without loss of time. Then the date of 
the auction should be fixed, and this, as well as the place 
where the auction will be held, and the list of material to 
be sold, should be advertised publicly. The procedure of 
the auction itself begins by an announcement of the conditions 
of sale made to protect the seller against injury or loss, the 
lots are then put-up successively at the fixed upset-price and 
knocked down to the highest bidder ; the highest bid is there- 
fore the price of each lot. As soon as the last lot has been 
sold, the auction is concluded by ascertaining the total price 
paid for each wood-assortment and for the whole of the 
produce which has been sold. 

The success of the auction will depend in some measure on 
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the place where it is held. This may be either on the felling- 
area or at the wood-depot, or in a building in some neighbouring 
and suitably situated village or town. 

If the sale is effected in the forest or depot, then every 
would-be purchaser can examine each lot, and estimate its value, 
and bid for it with confidence and deliberation. This is par- 
ticularly useful for purchasers when there is a considerable 
difference in the quality of the various lots. 

When, however, in a sale by detail the lots are scrupulously 
assorted as at present in many forests, the buyers are accus- 
tomed to visit the felling-area before the sale, and true descrip- 
tions of the lots are given by the auctioneer — or where in 
sales of standing trees sufficient information regarding their 
TOlume and quality has been supplied beforehand to the 
buyers— a sale under cover of a roof is preferable, as it is 
much more expeditious and usually attracts a greater number 
of purchasers than a sale in the open air. Anyone wishing to 
purchase a large quantity of timber, will in any case visit the 
felling-area before the sale, and small purchasers have no time 
during the sale to measure and value every log, without 
delaying the auction intolerably. An auction in the forest 
is therefore advisable in the following cases; when buyers 
cannot be induced to visit the felling-area or depot beforehand ; 
when the wood has been assorted garelessly, or each lot con- 
tains wood of various assortments and qualities. Generally, 
in all other cases, the interests of the forest-owner are safe- 
guarded better when the auction is held in a building. 

The date chosen for the auction, the place in which the 
auction is held, and the list of material to be sold, should 
now be advertised publicly, both in the best local newspapers 
and in printed notices posted up at inns and public buildings 
in the sale-district, as well as by the public crier. If the pro- 
duce to be sold is chiefly wood for local demands, it is super- 
dnous to spend much money on advertising; it is then 
sufficient in the notices to give a list of the chief assort- 
ments, and to advertise in purely local newspapers only. 
If, however, valuable timber is to be sold for which there is a 
good demand or which is suitable for export, or in sales of 
large quantities of merchantable firewood and especially of 
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standing trees, the sale - notices should be more widely 
published. In such cases the forest-manager should selecfc 
the best newspapers for his advertisements, and too much 
economy would be out of place. Whenever purchasers from 
a distance may be expected, they should be informed by adver- 
tisements of the chief conditions of the sale. 

Whether the sale should be conducted by Forest or Accounts 
officials, depends on the special administrative arrangements 
of different countries. Although unnecessary expense in this 
matter cannot be justified, it is, on the other hand, unde- 
sirable to leave all responsibility for the sale to the Forest 
Department. The Accounts officials are, in any case, better 
acquainted with the buyers than the foresters and should 
therefore be responsible for their solvency ; this is the ease in 
Prussia, where the Forest Accountant attends all State forest 
auctions.* 

The auction commences by an official reading out and 
explaining the conditions of sale. These include: a state- 
ment whether the sale is with or without reserve ; the terms 
of security for payment to be offered by the purchasers ; con- 
ditions under which unknown strangers are allowed to bid; 
measures of security against a conspiracy among the buyers to 
keep down prices ; dates of payment, and limit to which credit 
is given ; a list of roads by which the wood may be removed, 
and the conditions of removal; special political and silvicul- 
tural conditions which are considered advisable ; finally, that 
no complaint will be entertained as regards any lot after it has 
once been knocked down. 

The upset-price at which the lots are offered for sale must 
evidently be less than that expected from the purchaser. How 
much lower it should be is a question not without importance 
as regards the obtainable price. Too high •an upset-price 
frequently prevents the purchasers from bidding freely ; when 
too low, it causes delay, and if the competition is limited, 
leads to inferior prices being obtained for the wood. Although 

• [In France, the Prifet or Sous-pHfet presides at State forest auctions, 
Delgium, sales of standing trees in private forests are condiicled by a 
or notary public, who charges 11% commission, 3% of which is a State tax, ami 
guarantees the solvency of the purchasers. In France, the charge is 15%.— -D- j 
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local circumstances, the social condition of the purchasers, 
their number, and several other matters, may influence the 
choice of an upset-price ; in most cases, it should be 10 to 
20 per cent, under the royalty or real value of the wood.' In 
the case of valuable merchantable timber, the upset-price 
may he higher, and even equal to the royalty when there 
is a probability of eager bidding. In the administration 
of some State forests (Saxony and Baden), the practice 
of fixing an upset-price to the lots in proportion to the 
royalty has been discontinued; unrestricted bidding being 
considered more advantageous to the owner, as well as to 
the buyer. 

Every sale -lot should be clearly designated in the sale 
catalogue by its number ; the assortment, volume or 
dimensions of the wood, and any other particulars which are 
advisable being given. In important timber-sales, intending 
purchasers should be allowed, before the sale, to consult the 
felling-register, or facsimile extracts from it should be handed 
round. In sales of standing timber, ready assistance should 
he given to enable purchasers to obtain knowledge of their 
value. The amount of the highest bid for each lot, with the 
purchaser’s name, is then entered in the auctioneer’s report, 
or in the felling-register. This is often attested by the pur- 
chaser’s signature and that of a trustworthy surety. In sales 
by detail, after the last lot has been sold, the price of the 
different assortments is totalled and the average price of each 
assortment calculated, so that it may be decided whether the 
confirmation of the sale may be at once effected, or must be 
postponed, in case the average prices of the assortments are 
under the royalties* at which the forest official is authorised 
to sell the wood. In case the prices are lower than the autho- 
nsed minima, either they must be confirmed by superior 
authority, or a fresh sale held. 


A sale may be confirmed in Baden, when the average price offered is not 
fcs than 10% lower than tlie average price of the last sale in a neighbouring 
orest range. In Prussia, the Oberf order can confirm a sale, if prices are not 
J% lower than fixed royalties. In Bavaria, the Fordmeidrr san ctions annually 
c percentage by which sale-prices may fall below royalties (for timber, gene- 
rally, 10%, firewood 15%). 
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(c) Delivery of Wood to the Purchasers, 

The sale having been confirmed, the wood of the different 
lots is delivered to the purchasers immediately after the sale, 
unless there is any difficulty in furnishing security for pay. 
ment. If the sale is held in the forest, this is done either by 
handing over the wood at once, or by giving each purchaser a 
written order of removal for the wood he has bought. When 
sales are not held in the forest, the forest-manager assembles 
all the purchasers at the felling-area or depot, on a day fixed 
as soon as possible after the sale, and shows each purchaser 
his wood. Either then, but generally at the auction, each 
purchaser obtains his permit to remove his wood, on which is 
stated : the place whore the wood is lying ; a sufficiently clear 
description of the wood sold ; the price to be paid for it and 
sometimes the dates when payment should be made. This 
permit should then be taken to the forest cashier and the 
price paid to him, when it is returned stamped and receipted, 
and then the purchaser can remove his wood. When credit 
is given, and payment is therefore not immediate, the cashier 
should notify to the forest-manager the names of any pur- 
chasers regarding whose solvency he has any doubt ; in such 
cases, the wood must remain in the forest until payment has 
been made or satisfactory security provided. 

Sometimes a period of time is fixed during which the fore&t 
manager is responsible for the safety of the purchasers’ wood 
lying in the forest. 

As a rule, however, wood once sold and delivered to the pur- 
chaser remains at his risk after he has received the permit for 
its removal, although the forest-guards are expected to watch 
it carefully and prevent fraud. In many districts— as, for 
instance, in the Rhine-valley — the forest-owner declines all 
risk for the sold wood, but a special guard is appointed and 
paid for by the purchasers for one or more felling-areas, to 
protect their wood when lying in the forest. A fixed rate of 
payment is then allowed for every stack of wood, every log 
and every hundred faggots, which is paid to the guard by each 
purchaser on the removal of his wood. Generally this institu- 
tion of a guard for felling-areas is agreed to tacitly by all 
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purchasers of wood. Usually, the men who stack the fire- 
wood also guard the felling-area, for they can carry on these 
double duties conveniently. 

ii. Sale hj Sealed Tender. 

The other mode of sale to the highest bidder is that in 
which, after public advertisement of a sale, the offers or 
tenders to purchase are written and submitted in a sealed 
cover to the seller. In the case of a sale of standing trees, 
the written tenders to purchase may be either for the produce 
of a whole felling-area, or for separate lots; in both cases a 
valuation in volume and by assortments of wood is presup- 
posed. If the wood to be sold has been converted, it is 
sold generally in assortments, or classes of assortments, usually 
by the purchaser tendering so much per-cent, more or less 
than the upset-price (say, 2, 5, 10 per cent, over, or under, the 
usual royalty). All tenders which have been received are 
opened on a fixed date and hour, in the presence of the 
iuteiiding purchasers. They are read out publicly, and each 
lot awarded to the purchaser wdio has submitted the highest 
tender, provided he can give good security for payment. 

Just as the solvency of the persons who tender for the wood 
must be assured, so other motives such as silvicultural require- 
ments may influence the sale. As a rule, however, the sale 
is confirmed to the highest bidder. As in sales by public 
auction, it is highly in the interests of the seller and an abso- 
lute right on the part of the purchaser, that before tendering 
be should have free access to the sale-lots, and, on demand, 
should be allowed to see the report of the valuation of the 
wood and the felling-register. 


(c) Sale by Private Contract. 

^Vhen an owner deals with a single purchaser, and the price 
fixed after a discussion between them, a sale by private 
contract results. This mode of sale is characterised by the fact 
fbat the price is fixed by both buyer and seller. 

Ir arranging the price, the owner will be guided generally 
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by the average results of past sales to the highest bidder (or in 
certain cases may accept this figure as the price). 

Sale by private contract has the advantage of saving expense 
in valuation and auction-charges, and in avoiding possible loss. 
At the same time, it is clear that the seller undertakes a greater 
responsibility than in any other mode of sale, and must have a 
precise knowledge of the actual state of the wood-market for 
the time being. 

3. Com 2 :)ari 8 on of the various Modes of Sale. 

Each of the above methods of selling forest produce is 
advisable under certain special circumstances; it is better 
that a forest-manager should not be wedded to any one of 
them, but that he should be ready at any time to adopt 
whichever method may prove most suitable for the case in 
question. 

(a) Sale by Royalty, — Sale by royalty has the least claim of 
all to exclusive adoption or even preference, as has been 
shown on p. 454. Only in some places, in the case 
of certain privileged demands for wood, is such a method 
followed exclusively, and then the formation of a proper tariff 
requires great care. Where, on the contrary, sale by royalty 
is adopted only occasionally, it forms a useful supplement to 
other modes of sale. It has then the advantage, in cases of 
necessity (conflagration of a village, scarcity of wood for 
agricultural purposes at seasons when the principal sales 
are not conducted, etc.) of satisfying urgent demands. Also, 
when traders combine to keep the price of forest produce below 
its full local value, a recourse to sale by royalty may improve 
matters. 

To adopt sale by royalty generally and exclusively would at 
once exhibit the shady side of this method, and prove that it is 
almost impossible for a forest-manager to acquire an accurate 
knowledge of the teal local value of wood. If also it were 
argued that prices may be corrected by the competition of 
sellers, a reply may be made that forestry is less able to 
effect such a result than any other industry, the forests iQ 
any district being usually in the hands of one or only a 
owners 
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(b) Sale to the highest Bidder. — Sale by public auction, 
provided that enough competitors are present, may be con- 
sidered as the most usual mode of sale. The chief 
advantages and disadvantages of its different varieties are 
as follows 

i. In Sale, ly Deiml. 

When converted timber is sold in small lots by public 
auction, sufficient competition will ensure the best prices, for 
owing to demand and supply prices in this case most nearly 
represent the true local value of any sale -lot, including its 
quality, utility, portability, etc. By auctioning forest produce, 
it is distributed among the consumers in the simplest manner, 
and according to the measure of their requirements. If 
there are exceptions to this rule, they are less numerous and 
remedied more easily than in sales by private contract. Much 
less time is occupied in auction -sales than in sales by private 
contract, a matter of great importance. All unjust dealing 
and respect for persons which may easily occur in private 
sale, or complaints of which may be brought against the most 
honourable foresters, are avoided by public auctions. The 
superiority of public auction over sale by public contract is 
proved by the fact that nearly everywhere in Germany, sale 
by private contract has been supplanted by auction-sales. 

Amongst the disadvantages urged against sale by public 
auction, the following is worthy of notice, namely, the possi- 
bility of the purchasers coming to an understanding before 
the sale. This is especially to be feared— when the attend- 
ance at a sale is small ; when too much material at a time 
is offered for sale ; in the case of wood-assortments that not 
everyone can buy, either because their cost is prohibitive or the 
demands for them are small ; or finally, when the seller pur- 
posely tries to maintain prices above their proper local figure. 
Coalitions of purchasers are very frequent in the sale of 
merchantable timber, rafted wood or firewood intended for 
bade, for which local competition may be nil, or of a very 
limited nature. 

Coalition of purchasers is becoming a common affair in 
Clermany, being much more frequent than is imagined, both at 
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large and petty sales. The theoretical idea of an auction -sale 
involves the assumption that every competitor is present 
merely on his own account, and that a coalition among the 
competitors is impossible : coalition cannot, however, be pie, 
vented, provided it is agreed upon freely by the competitors; 
it is illegal only when brought about by threats, etc. The 
seller must, therefore, endeavour to guarantee himself against 
the damage he may suffer owing to coalition at auctions. 
Almost the only remedy available is to stop the sale, and 
adopt measures to improve the competition of purchasers. 
Among these are the following : advertising widely (this, how- 
ever, presupposes sufBcient wood to attract distant purchasers); 
sub-division of the sale-lots into smaller ones, so that it may 
be possible for poorer purchasers to compete ; finally, avoid- 
ance of all burdensome sale-conditions that reduce competi- 
tion. A further measure against coalition is to adopt another 
mode of sale. [A common method of prejudicing sales by 
auction occurs in Britain and probably elsewhere. As soon 
as the sale- catalogues are out, timber-merchants meet and 
appoint a chairman, who acts as a private auctioneer and puts 
up each lot to the company present ; they then run it up to a 
fair market-price. At the real auction, afterwards, the pur- 
chaser is not opposed by any of the clique and has only the 
competition of a few outsiders to contend with. After the real 
auction the clique meet and divide among themselves the 
difference between the real and mock auction prices, very 
often a considerable sum practically taken from the forest- 
owner. — Tr.] 

There are also first principles of justice as well as of self- 
interest, which should always induce the seller to avoid all 
conduct on his part which may hinder a proper price being 
paid, or lead to coalition of the purchasers. 

ii. SaU of Standing Trees, 

The sale of standing trees, especially with the right of fell- 
ing and conversion by the purchaser, is preferred frequently 
by wood-merchants and large dealers in timber to that of 
converted wood. This is explained easily by the fact that m 
the former case the wood-merchant can convert and remove 
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the wood more profitably to himself, and can time its conver- 
sion and removal so as to take advantage of any special demand. 
In this mode of sale, however, the purchaser obtains the crown 
and stumps of the trees, as well as the stems, and thus may be 
encumbered with a quantity of firewood, the disposal of which 
ig often burdensome and unprofitable to a timber-merchant. 

The matter has a different aspect as regards the interests of 
the forest-owner. When the standing trees are sold by unit 
of produce, this protects the forest-owner from the necessity 
of selling his trees at too low a price, at the same time allow- 
ing him full play in felling and converting the trees carefully. 
When, however, it is important to satisfy local demands, this 
mode of sale is not satisfactory [as the whole of each assort- 
ment from a felling-area, or the demarcated portion of one, 
is purchased necessarily by one individual.— Tr.] 

Sale of standing trees to be felled and converted by the 
purchaser is generally more disadvantageous than otherwise 
to the forest-owner, since he is obliged to hand over the 
felling-area more or less to the purchaser, and is unable to 
effect an accurate estimation of the volume or quality of the 
wood, a condition which is generally more unfavourable to the 
seller than to the buyer.- It is well-known what large profits 
are made by wood-merchants in the purchase of whole forests, 
or compartments, of standing trees in Eussia, Bosnia, Hun- 
gary, etc. Still, under certain circumstances, the sale of 
standing trees may be preferable to that of converted wood, 
especially when the wood-market is over-stocked ; when super- 
vision is defective or labour scarce ; also in districts where 
Ibis mode of sale has become customary, and long usage, 
influenced by the interests of both buyer and seller, have 
removed much of its harmfulness. 

Experience of the sale of standing trees has shown, 
especially in Eussia, where this mode of sale prevails, and 
also ill France* and Austria, that in many eases silvicultural 


[Generally the attention to silvicultural requirements on felliug-areas in the 
ij'ene State Forests on the part of the adjndicataires^ or purchasers of stand* 
In thinnings, where all the Irees to be removed can- 
e hnown beforehand, but are marked gradually as the work progresses, 
1' ranee are effected by unit of produce. — Tr.] 
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requirements cannot be safeguarded to the extent that is 
desirable in regular forest management, even after specifying 
most carefully the conditions of sale, and with the best possible 
supervision. In extensive forests, and where the regenera- 
tion and culture of a forest nowise depends on the mode of 
utilisation (as in clear-cuttings), there is no objection to the 
sale of standing trees. If, therefore, silvicultural considera- 
tions do not intervene, it may be to the advantage of a forest- 
owner to adopt this method temporarily under certain cir- 
cumstances. Such circumstances are: persistent coalitions 
of competitors at auctions and scarcity of labour, for wood- 
merchants can often engage wood-cutters more cheaply than 
the Forest Department. Since a wood-merchant with foremen 
attached to his interests is more in touch with the whole 
business than the distant and often impersonal forest-owuer, 
the felling, conversion and assortment of the produce of a 
felling-area is effected with more zeal and skill, and some- 
times a finer finish is given to what would otherwise be 
merely rough conversion."^ Finally, in the case of extra- 
ordinary quantities of produce, owing to damage by storms, 
insects, etc., when the trees may be considered as only 
partially standing, it may be more advantageous to the owner 
to sell the trees on the whole affected area to a wood-merchant, 
than to convert it by the help of his own wood- cutters, and 
sell the material by detail. 

As regards State forests and those belonging to coiq^orate 
bodies, the question between these two modes of sale has 
another bearing. Generally the forest official should pay 
maximum wages for felling, conversion and removal oi the 
wood. When, however, in State forests, from short-sighted 
financial economy, wages are kept so low that even the 
industrious wood -cutter can hardly earn a living wage, the 

[In the Himalayan forests, export-works involving a large 
required in order to work the forests economically and profitably, and tlic trees 
are converted into railway-sleepers or firewood ; it has therefore 
more profitable, after agreeing beforolianrl with a railway or the coiutiiissiimt 
department for the sale of the produce, to convert the trees depart nwta.v ' 
rather than to sell them standing to purchasers, who are accustomed to 
out stanfling trees from forests of native chiefs without any silvicultural 
tions.— Tr. j 
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work lie effects must decrease both in quantity and quality, 
and he loses all interest in the well-being of the forest. The 
rich wood-merchant who undertakes to fell and convert the 
trees on a felling- area usually pays high wages, as his 
interest is bound-up with careful conversion, etc. That he 
considers this expense in the price he pays for the trees 
cannot be denied. In such cases, evidently the general 
welfare is secured better by selling the wood standing than by 
converting it departmentally, the balance falling the other 
way for the forest-owner. An example has been cited here 
merely to show that there are many factors affecting the 
question in any special case. 

Sale by sealed tender should be employed for standing 
trees, or in sales by detail, for large lots of converted wood ; 
it is especially suitable when only a few rich wood -merchants 
compete. It also serves as a remedy against coalition of 
buyers when trade is slack, and finally, in selling assortments 
for which there are no local purchasers, for instance, hop- 
poles, osiers, etc. 

Whenever only a few large dealers are present at a sale, 
they can agree easily to keep down prices. By calling for 
sealed tenders the forest-owner may invite competition from 
distant purchasers in order to paralyse the coalition of local 
traders; this remedy may, however, prove to be of a tem- 
porary nature only. 

(c) Sale by Private Contract. — The sale of wood by private 
contract is employed when the demand is slack. Often there 
may be only one or a few purchasers, it is then preferable 
to auction the produce, but to deal directly witli the pur- 
cliasers ; thus the best price possible will be obtained, which 
^ould not result from selling to the highest bidder when 
competition is so restricted. In this case also, the lots should 
c large, and the purchasers men of means. Sometimes the 
w 0 e produce of devastated forest-areas are thus sold ; some- 
an entire assortment— round billets, charcoal- wood for 
e ting-furnaces, large quantities of railway-sleepers, tele- 
graph-posts, merchantable timber, etc. ; sometimes large lots 
converted wood, for which at an auction the bids were too 
^ l>elow the proper prices, 


H H 2 
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Sale by private contract recently has been extending in a 
remarkable manner, especially in North Germany, and desires 
for its further extension have been expressed. This may be 
justifiable for certain districts, but in most cases, and especially 
in sales of State forest produce, it should be considered rather 
as a necessary evil, enforced by a limited demand in slack 
times, than as an even tolerably regular mode of sale, for 
where trade is brisk, no forest-owner would wish, by private 
sales, to reduce the competition at auctions."*^ 

Section III. —Business Principles involved in the Sale of 
Wood, 

1. General Account, 

Owing to the moderate net-revenue resulting from forests, 
and the considerable amount of invested capital which they 
involve, it is evident that every forest-owner should strive, by 
improving the markets for his produce, to obtain as high a 
price as possible for it. The forest-owner may be unable to 
exert any influence on the general current prices of wood, and, 
as regards the sale of his own produce, may be fettered by the 
situation of his forest, the state of the local ^vood market and 
many other conditions ; nevertheless the financial results of 
the sale of his wood, under the given conditions, depend 
greatly on his skill in managing sales. Much has been 
said already on this subject in the preceding sections; it is, 
however, necessary to discuss, in a general way, the principles 
and experience of mercantile business which are most iiearlj 
related to the above objects. 

In order to sell wood profitably, a forester must be a trader, 
and must have the same aptitude for trade as other dealers 
who sell wares. 

* [In Britain, coppice is sold generally at so much an acre, or the wood fellfti 
and sold in assortments after conversion. Standards over coppice are sold at 
fixed prices ix;r cubic foot that increase with the girth of the tree ; only th® 
bole is cubed, and the crown given-in to cover cost of felling. In beech selec- 
tion forests, the marked trees are felled usually by the owner, and the logs and 
faggots sold as they lie in the forests, and this is also the case with oak and 
Scots pines in the Crown forests, the price being fixed by private contact. 
Tt.] 
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Forest officials entrusted with the sale of produce should 
liave either mercantile experience, or endeavour to acquire it 
to a sufficient extent. Exactness in carrying out departmental 
orders and routine will not suffice here, for this is not by any 
means all that is needful for a commercial mental-outfit. 
Active and intelligent intercourse with the world, especially in 
all industrial and mercantile questions, observation of all 
causes which affect the market for his own produce, persistent 
endeavours to detect all precursors of trade, to weigh accurately 
the importance of all intervening occurrences and to form 

correct decisions after considering all these circumstances 

only habits such as these make a successful trader. 

2. Genuine Goods, and full Weight and Measure. 

All solid mercantile success is founded on the genuineness 
of the goods offered for sale, and on giving the purchasers good 
weight and measure. Genuine goods are those that are equal 
to the description given of them by the seller. Every wood 
assortment should contain only pieces of wood, which are thus 
classified correctly. Every offer of inferior wood, every con- 
cealment of defects and damage in timber, every classification 
of pieces above their proper class, and so forth, impairs their 
genuineness. Wood should therefore be exposed for sale so 
that every would-be purchaser may ascertain its quality easily, 
a a similar way, full measure should be given in firewood 
stacks, and a thorough understanding arrived at as to the 
Bale-measurements of logs, in order to maintain a good credit 
with purchasers. 

A most careful assortment in accordance with prices inspires 
purchasers with confidence. With the same end in view, the 
price-tariff also should be compiled most carefully in accordance 
^ the real value of the wood-assortments. Above all, timber 
s ou (1 be classed carefully as regards its quality, and a forester 
aouici give no cause for a report that he sells half-rotten or 
erior material as good timber. He should take great care 
J to mix inferior wood with good material, hoping thus to 
^lu a better sale for the former. 

^8 now about time to secure uniformity in all wood 
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measu remen ts ; especially should all timber be measured 
without its bark, and old country measures should give place 
to the metric system. Only absolute correctness in measuring 
leads to genuine trade. It frequently happens that in slack 
times for trade, logs are measured below their actual dimen- 
sions, or timber classified below its proper rating, with the 
object of finding ready purchasers at prices which appear to be 
on a par with, or even to exceed, the fixed tariff. Such 
manipulation must be abnegated entirely, for it impairs the 
confidence traders should feel in the honesty and accuracy of 
forest officials, hinders the compilation of a correct tariff, and 
serves only to blind superior officials. 

3. The Produce to he Sold. 

Every felling-area yields good as well as inferior wood. 
The forester should attend most carefully to the conver- 
sion and assortment of good material, for this affects greatly 
the financial returns of his forest ; he should endeavour also 
as much as possible to avoid overstocking the market with 
inferior wood. This should he attended to especially when 
trade is slack, or the sale of good material will he prejudiced. 

When the market is overstocked, it is better to leave stump- 
wood and inferior firewood in the forest than allow it to reduce 
the price of the better class of firewood; also, where poles 
from thinnings are in a similar condition, it is better not to 
classify them as timber. In slack times it is a matter of 
ordinary prudence to reduce to the utmost the cost of con- 
version of inferior material. Purchasers of such stuff will 
convert it more cheaply and more in accordance with their 
own wishes than forest officials. 

In converting his trees, the forester always should be guided 
by the wishes of purchasers, as far as general rules will allow. 
Whenever, as is often the case, there is a generally expressed 
desire for any change in the details of the wood-assortments, tb® 
forester should be ready to meet the purchasers’ wishes ; they 
are usually the expression of the market requirements. AVhen, 
for instance, there is a desire that stacked wood should he moi^ 
than a yard long, or that butts should be longer than is usua 
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in the locality, the question should be considered carefully ; it 
often happens that this is in consequence of a ne^v demand 
for timber, and then in future the wood should be converted 
accordingly. 

4. Wood-Markets, 

A few decades ago, before the present world-wide means of 
communication had been established, each forest had its own 
local purchasers, its own more or less limited local market, to 
which practically each forest-range was confined. Only forests, 
which were favourably situated as regards water-carriage, were 
accessible to traders of the world-market to which most of the 
best timber was floated. Matters have changed in this respect, 
and at present almost every forest-range has a share in the 
world-market, and there are few forests too remote to feel its 
fluctuations. Although the local market has not lost its im- 
portance in certain forest districts entirely, yet, especially as 
regards timber, it is the world-market that regulates prices. 
Under these circumstances, the really enterprising forester 
must know not only his local market, but should also keep in 
view all the movements and changes of the world-market ; 
although he may be connected with the latter only indirectly 
through the middleman, yet lie should be acquainted 
thoroughly with the prices prevailing in the distant principal 
market, as well as with those of the local market. 

The generally isolated residence of forest officials would be 
an insurmountable obstacle in the way of his obtaining this 
knowledge, were he not to avail himself of the assistance which 
IS open to every trader. This consists in the public press and 
in consular reports from the chief timber-markets. As regards 
pamphlets dealing with the timber-trade, some are edited and 
distributed by the chief forest officials in certain States; others 
ai’e private undertakings, for instance. Das Handelsblatt fiir 
Wderzeugnisse, the Berlin Centralblatt filr Hobindiistrief 
difsimu Forstzeiiung, Revue des Eaux et ForHs, The London 
Timber Trades Journal, The Timber News, the American 
Lumberman, etc. 

^gBnts employed by forest-owners and State consulates 
Would do great service if they would publish, not merely 
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periodic reports, but any rapid changes in the markets. The 
future only can decide as to the extent to which forest-ownera 
like other wholesale producers, can make use of regular 
travelling agents to offer their produce for sale, and arrange 
contracts and deal with purchasers, etc. 

It hardly need be remarked that all endeavours which may 
be made to raise the price of wood should apply only to timber, 
for, with exception of a few country districts, it is impossible 
to rehabilitate firewood in competition with coal. As long, 
however, as firewood is procurable at a steady and moderate 
price, it will find always a ready sale. [In all large cities there 
is a great demand for kindling material to light coal fires. The 
price of such material in Devonshire is (1908) 50 lbs. for li, 
3 lbs. for Irf. in the Midlands, and 1 Ib. for Irf. in London, so 
that there is still a field for the sale in Great Britain of this 
kind of firewood. In Ireland also where peat is the chief fuel, 
this cannot be dried in a wet summer, so that in the succeeding 
winter there is a good demand for firewood. — Tr.] 

Although the fullest attention should be paid by the forester 
to the general market, he should endeavour to improve and 
extend his local market. Wherever industries using wood, 
such as sawmills, factories for wood-pulp, furniture, carved 
work, etc., exist, or are to be introduced and extended, they 
should be supported and assisted energetically, provided there 
is no silvicultural impediment. 


5. The Timber-Trade. 

Under present conditions, the assistance of the wood-mer- 
chant is, in most cases, indispensable to the forester. Ko 
wholesale producer can dispense with the middleman; least 
of all forestry, with its voluminous and heavy produce, its un- 
equally distributed producing localities, and its owners, who 
are in general unfitted for trade (the State, municipalities, 
hospitals, etc.) As far as concerns the local market, and in 
cases where the latter favours a direct dealing between con- 
sumer and forest-owner, the wholesale timber-merchant does 
not intervene. The petty dealer is, however, a necessary and 
generally welcome member of the local market. Whenever 
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larg^"' quantities of wood, and especially of valuable timber, are 
in question, especially in forests with a small local demand, 
the wood, for the most part, would rot in situ if wholesale 
timber-merchants did not undertake its sale and distribution 
in distant districts, which are densely populated and poorly 
supplied with forests. Forest-owners and wholesale timber- 
merchants must therefore work hand-in-hand ; good business 
relations between them are entirely in the interests of forests, as 
long as only through the latter the distribution and conversion 
of the raw material into marketable produce can be effected. 

Under present trade conditions, so changed compared with 
the past, it would be a serious injury to a forest-owner w^ere 
he to refuse to acknowledge the necessity of the middleman ; 
on the contrary, he must endeavour constantly to improve his 
relations with him. For it is the timber-trader who endeavours 
to extend the present market and to open out fresh ones and 
improve the means of transport ; who invests a large capital 
in buying timber and establishing sawmills ; who follows with 
attention every change, however small, in the price of wood ; 
who is constantly posted-up in all industrial changes in the 
conditions of transport or the incidence of taxes, and who is 
vigorously engaged in pushing on the timber business. All 
this energy of the timber-merchant, even though it is in his 
own interest, should be acknowledged thankfully by the forester. 
But if these desirable relations in the interests of both parties, 
between the forest-owner and the timber-merchant, are to bear 
useful fruit, the latter must also be more ready than is often 
the case to meet the former half-way. 


6. Modes of Sale. 

Public auction of converted wood should be considered as 
the regular, though not exclusive, mode of sale, for it is suit- 
able only when free competition of purchasers may be expected. 
In slack times of trade and when markets are overstocked, and 
ni the case of very large fellings, sale by sealed tender, by unit 
of produce or by private contract, may yield better financial 
i^esiilts than auction sales under such conditions. Wherever, 
business being very slack, large quantities of wood must be 
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sold in remote and comparatively inaccessible districts, the 
forest-owner may have recourse to sale of standing trees by 
area. Whenever it is possible, however, auction -sale of con- 
verted wood is preferable. 

After considering all local and temporary objections to any 
mode of sale, there can be hardly any difficulty in deciding 
which to adopt in any particular case. To act by routine ia 
such a matter may cause great pecuniary loss, as experience 
has often shown. Especially in selling valuable timber, the 
forester should be guided not solely by custom, but should 
select, without prejudice, whichever mode of sale is best for 
the case in point.^ 

7. Season for Sales. 

The season when trade is most active is clearly the best time 
to sell the produce. As a general rule, autumn, winter, and 
early spring are the best seasons for the sale of wood ; matters 
vary locally in this respect, and the best seasons for sale depend 
on the necessities of the consumer, the dates of final payment 
for the wood, and the amount of leisure which the public 
interested in the purchase of wood can command at different 
seasons of the year ; also, as regards merchantable timber, on 
the usual date when contracts to supply the timber are closed, 
and the season in which, according to local custom, wood prices 
are steadiest. 

Demands for firewood are evidently greatest in winter, whilst 
building and industrial timbers are more in demand during 
the summer. As, how'ever, nobody burns green wood, but 
allows it, in any case, to dry throughout the summer so as to 
ensure a profitable sale, it is better to sell the produce of 
summer-fellings in the autumn, and those of winter-fellings 
early in the spring. In years with prolonged cold winters, 
evidently the best time for selling firewood is in mid-winter, 
and then cart-tran sport ia readily available. Small wood for 
agricultural purposes, which generally is brought into use 

* [The Deputy Surveyor reports that in the Forest of Dean, trees arc 
and sold in logs and butts as they lie. Any considerable q[uantity of timbef is 
sold by sealed tender, and smaller or inferior lots by private contract, at so nnich 
a cubic foot for timber, varying with the girth, or in cords of 128 cubic feet.- 
Tr.] 
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immediately after felling ; railway-sleepers, which are sold by 
wholesale merchants and usually must be impregnated and 
delivered to the railway authorities by the beginning of summer, 
and other wood-assortments which are required early in 
the year, should be sold during autumn or early winter. 
When trees are sold standing, the sales should be effected in 
September, so that the merchants may know in time what 
business they have to undertake during the felling-season. If 
the technical requirements for certain woods prescribe that 
the felling should take place in the growing season, an enter- 
prising forest-owner will endeavour to meet such a demand. 
The date of final payment for the wood sold is also more 
important than the immediate demand. Where sales are for 
cash down, they should be held in autumn and early winter, 
^Yhen the country people have most ready money ; if payment 
is by instalments, with security, the season for sale is less im- 
portant, provided the interval before final payment, for which 
autumn is best, is not too short. 

When the peasantry takes part in wood-sales, these should 
be fixed when they have leisure to attend, and that is usually 
during winter. As regards wholesale traders, they generally 
sell from timber-yards, where they keep their wood a longer 
or shorter time, so as to profit by favourable opportunities for 
sale. The petty dealer, on the other hand, buys only at 
favourable seasons, when ho can dispose readily of his wood 
at a fair profit. 

The above remarks may be summarised thus: — Autumn and 
^virlter, and the times nearest to them, are the most profitable 
seasons for selling wood ; by the middle of April, in ordinary 
years, the chief produce of felling-areas should have been sold. 
It should be noted also that people become accustomed to fixed 
dates for sales, conduct business accordingly, and attend such 
sales with the determination to purchase sufficient wood for 
tbeir requirements. 

[In India, the sales of standing trees and other produce 
hom the State forests between the Jumna and Ganges rivers, 
held annually in September, so that work in the forests 
®iay commence in November, as soon as the healthy, dry 
season has commenced.— Tr.] 
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Whenever large falls of timber result from storms, snow, 
break, or damage by insects, the sales should be hurried on • 
and the wood cleared rapidly, even if only inferior prices are 
obtainable ; for the loss by the threatened decay of the wood is, 
as a rule, greater than that due to a low price for it, whilst 
danger of further damage by insects is reduced, 

8. Extent of the Sales and Sale-Lots. 

The quantity of wood offered for sale should correspond with 
the number and position of the purchasers. In well-populated 
districts, with a fair consumption of wood and to satisfy local 
demands, under ordinary circumstances, a moderate supply of 
converted wood, say 600 to 1,200 cubic meters (400 to 800 
loads) of timber and firewood usually sell better than larger 
or smaller quantities. In poorly populated districts with a 
small local demand for wood, and with large quantities of wood 
for sale and only a few wood -merchants competing, large wood 
sales are absolutely necessary. Whether in such cases the 
produce of several ranges, or of several felling-areas, should 
be sold together, depends on the expected amount of competi- 
tion. In no case should valuable timber be sold at different 
times ; it is better that neighbouring communes and even 
private forest-owners should unite to hold large sales, if their 
own fall of timber is small. 

It is evident that most large timber-sales in which only large 
capitalists can compete, are chiefly sales of standing trees by 
area ; for instance, in West Prussia, sales of 10,000 to 20,000 
cubic meters (7,000 to 14,000 loads) of standing wood for three 
or five years are effected. Sales of 5,000 to 6,000 cubic meters 
(3,500 to 4,000 loads) of converted timber are not rare ; as, for 
instance, in the forest-ranges of Jachenau, Walchensee, etc., of 
the Bavarian Alps, also in the case of the enormous masses of 
wood killed in S. Bavaria by the nun-caterpillar, for which 
sales of 400,000 and 600,000 cubic meters were held. It is not 
advisable to hold mixed sales of timber and firewood when 
chiefly wholesale merchants are competing. 

Similar principles underlie the formation of sale -lots. The 
amount of competition and the class of traders present will 
decide their dimensions. The wishes of the public also shoukl 
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be followed in this respect so far, that it may be possible for 
large dealers to purchase separately the assortments which 
their business requires. These consist chiefly of the better 
class of stem ‘timber. Where sales are held to satisfy local 
demands, only small lots are advisable. 

Whilst in sales of standing trees, lots may consist of 500 to 
1 ,000 and more cubic meters (350 to 700 loads) ; in large regular 
sales of converted wood the lots seldom surpass 80, 50, or at 
the most, 100 cubic meters (20, 35, or 70 loads) ; as a rule they 
are even smaller. It is otherwise in extraordinary falls of large 
numbers of trees, owing to storms, etc. ; in such cases the size of 
the lots increases with the quantity of material to be disposed 
of, and with the capital of the competing merchants. In the 
Bale of wind-fallen timber in the Vosges mountains, in 1892, 
besides smaller lots, large lots of 5,000 and 8,000 cubic meters 
were formed; and in the case of trees killed by the nun- 
caterpillars in Bavaria, the lots attained 10,000 cubic meters. 
Whether, in forming the lots, the same care should be taken 
as ill forming the assortments of timber, i.e,, that the same lot 
should contain only the same quality of wood, depends on the 
numbers and kind of would-be purchasers present. [In the 
French State forests no lot of standing timber offered for sale 
should exceed 10,000 fr. (i^400) in value. — Tr.] 

9. Conditions of Sale. 

It is self-evident that burdensome conditions, displeasing to 
the purchasers, will reduce competition, and that the sale will 
be the more profitable the less stringent are its conditions. 
On the other hand, the security of the owner against loss, and 
the demands of silviculture, must he ensured. It is difficult 
to say how far a forester can go in the latter direction without 
prejudice to the interest of the forest-owner ; it depends on 
the state of the market and of prices, the solvability of the 
purchasers, the cost of transport, and the actual demands of 
Silviculture. The less favourable the local and temporary 
conditions of the timber market, the less must one insist on 
conditions of sale which reduce competition ; and this is more 
necessary when the purchasers are dealers than when the wood 
is disposed of among local purchasers. 
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One of the most important points is whether cash-payments 
should prevail, or credit be given. The question is regarded 
from different points of view in different countries. In most 
German State forests, except quite recently, cash-payment was 
the rule, but this has been modified considerably of late. 
Credit increases the work of accountants, often encourages 
swindling and indiscretion on the part of certain purchasers, 
but all this shady side of the credit system disappears com- 
pared with the disadvantage of reducing competition by 
demanding ready money. Credit is now-a-days such a neces- 
sary condition of all trade and business, that the forest-owner 
cannot avoid it. Sufficiently long credits, up to a half-year 
and even longer, in the case of trustworthy large dealers, are 
conditions which long experience^ far from verifying the 
fears of extensive loss which have been expressed,- has proved 
thoroughly justifiable in the interest of forest-owners.* 

It is self-evident that credit can be given to doubtful pur- 
chasers only on sufficient security (after payment of 25 per 
cent, of the purchase money, deposition of valuable docu- 
ments, promissory notes on good banking houses, etc.). In 
the different German States and in Austria, various systems 
of credit prevail, for instance, in Baden, 3 per cent, discount 
is given for cash payment, otherwise three to eight months’ 
credit. 

[In India, deposition of Government promissory notes, on 
which interest continues to be payable to the depositor, is the 
best form of security in wood-sales. It can be stipulated also 
that in sales of standing trees, one-third of the purchase 
money is payable after the wood is converted, and the balance 
on removal of the wood from the forest, more than sufficient 
wood being retained in the forest to cover the balance of the 
purchase-money. — Tr.] 

'The <late fixed for removal of the wood from the forest or 
depot is an important condition of the sale. If the limit 
allowed is too" short, or not fixed with due reference to the 
cost of transport carts and beasts are few and are required 

• The accouDtant’s office AschafEenburg, which recei7es payment for the 
oakwood from the Spessart, receive between 1803— 7H, £111,100, of 

which only 27^. was a bad debt. ' 
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for the time being for agricultural purposes, the cost of trans- 
port ■will be increased, and the price of the wood consequently 
falls. In fixing the date for the removal of the wood, the 
forester should respect general departmental orders ; in carry- 
ing them out he should be very lenient and consider the 
nature of the roads, that in some cases sand does not bind in 
winter, or other roads are too wet for use except during frost, 
or after dry summer weather ; that in the case of water- 
carriage the logs cannot always be floated or rafted at a fixed 
time, and that country people prefer to work at wood-transport 
before the hay is mown, or after the corn has been harvested. 
If all the wood has been brought out of the forest, silvicultural 
rules will not intervene to hurry on the removal of the wood 
from the road-side. 

10. Advertising Sales. 

It has been remarked already, that competition at sales is 
improved greatly by judicious and timely advertisement. As 
no petty dealer is afraid of the expense involved in bringing 
bis goods to the notice of consumers, and wholesale producers 
often spend immense sums in this way with good results ; 
it cannot be doubted that in forestry, judiciously advertising 
timber- sales must have an important bearing on their financial 
results. Too great economy in this matter certainly will entail 
loss. 

It should, however, be understood clearly, that no allusion 
is here intended to puffing advertisements, which are more 
calculated to excite mistrust than to stimulate purchasers. 
The advertising medium should be chosen much more carefully 
than is usually the case. Here is meant not only advertising 
iQ the public press, but also the despatch to large dealers, and 
other persons interested in the sales, of printed notices giving 
sufficient details of the sale-lots. 

Wherever large numbers of logs are sold yearly and there 
^ a more or less extensive demand for them, the timber- trade 
^ay reasonably expect to be informed by notices published 
rehand, what woods and felling- areas will be taken in 
^f^Qd, and what will be their probable yield, so that timber- 
Merchants may undertake contracts and make other prepara- 
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tions for the expected timber. In France and in many forest 
ranges of Prussia, Baden, Bavaria, etc., such notices are now 
issued regularly. 

11. Means of Transport, 

The great influence which the available means of transport 
has on wood-prices is well known, and has been already . 
referred to. All unwise economy in providing good means of 
transport depresses prices, and improvement in this respect 
should be one of the first objects of the forest-OAvner. 

Every intelligent forest-owner will endeavour to reduce the 
cost of transport from his forest. The forester therefore lays- 
out now roads, improves old ones, regulates floating-channels, 
constructs slides, sledge-roads or traiuAvays ; establishes depots 
on the banks of streams and canals and at railway-stations; 
he will see to the drying and seasoning of his wood, and in 
certain cases will convert his timber and split his fireAVOod in 
the forest. 

He should not be too narroAV-minded in allowing the public 
use of the forest-roads. If a forest is to be lucrative, its roads 
should be always open, provided they communicate Avith the 
general network of public roads. The higher cost of repairs 
will be recovered fully by the improved means of transport. 

Of immense importance, in this respect, is the proximity of 
railroads to the forests. Reduction of raihvay-rates for wood, 
and introduction of railways into the forests are vital interests 
to forest-owners, which they, in conjuetion with the timber- 
trade, should use every possible means to secure. 

[In Britain, this question is complicated by the fact that 
railway companies grant through rates for timber and otliQi 
produce from their ports to the large inland towns, that are 
actually less than rates from intermediate places between the 
port and the place of destination of the timber, In this way 
foreign timber is favoured unduly. — Tr.] 

For owners of extensive forests, provided that silvicultural 
requirements are not infringed, it is generally justifiable to 
entrust the transport of forest produce to contractors, as 
generally they can work more expeditiously and cheaply than 
large owners, and especially than the State. 
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12. Forest Officials, 

If the manager of a forest is expected to work it to its full 
financial advantage, he must be allowed a free hand in timber- 
sales, so that he can act without delay in accordance with the 
demands of the market. Cases constantly arise when owing to 
an overstocked market the competition at auction-sales of con- 
verted timber is too slack, and other modes of sale must be tried. 

Although control is necessary, especially in large State 
departments, yet it should not be too rigid, and a trustworthy 
executive official should not be fettered too much by routine 
but left sufficiently to his own responsibility, mere routine in 
timber-sales having disastrous results to the forest -owner. 
Now-a-days, thousands of pounds may be gained by taking 
time by the forelock, and using telegraphic communication 
between buyer and seller. 
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AUXILIARY FOREST INDUSTRIES. 

Besides the production of raw material from forests, there 
are several industries with the details of which a forester 
should bo acquainted, as they either form part of his regular 
duties or are nearly related to them. They may therefore be 
termed auxiliary forest industries. They are based on the 
conversion by machinery of raw forest material into com- 
mercial products, partly by reducing it in size or altering its 
form, as by sawing, splitting, etc., partly by improving the 
natural quality of the wood and finally by completely altering 
its substance, in order to give commercial value to its consti- 
tuents, The present chapter will therefore be divided into the 
following sections:— 

A. Detailed Conversion of Wood. 

B. Methods of Improving the Quality op Wood. 

C. Altering the Substance of Wood in Order to 

Obtain its Constituents. 

A. DETAILED CONVERSION OP WOOD.* 

In former times it was undoubtedly ‘advantageous to the 
forest-owner to conduct some of these industries under his own 
direct control. Private enterprise has, however, gradually 
intervened, and most foresters now prefer to confine their 
exertions to the production of raw material, since owing to 
the increasing specialisation of industry and the difficulties of 
dealing with labour, it is an acknowledged maxim, at least 
as regards State ownership of forests, that the State should 
not compete unnecessarily with private enterprise. There 


* The best work on this subject is by Braune, “ Aolage, Einrichtung o. Bct rieh 
der Sagewei'ke.” Berlin, 1901. 
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are some foresters,* however, who consider it necessary or 
advantageous to direct auxiliary forest industries, especially 
when the profits made by the middleman in converting 
raw material into saleable wares is secured by the forest- 
owner, or when private enterprise fails to utilise the raw 
niaterial to the best advantage; also in cases where it is 
necessary to lead private enterprise in the right direction, and 
thus, by producing goods of superior quality, obtain a better 
market for them. In the same way agriculture is not 
restricted any more than forestry to tiie production of raw 
material, but undertakes many industries that are properly 
of an auxiliary nature. 

Since, therefore, several auxiliary forest industries are 
often conducted directly by the forest-owner, or by the 
State, the most important of these will be now described 
in a general manner. 


Section L Sawmills.! 


Tlie transportability of the wood produced by a forest 
inlluences the revenue of the latter considerably. Timber in 
the round cannot, as a rule, bear transport to a distance and 
timber-prices would in general be very low, were it not possible 
to convert heavy logs into planks and scantling and thus 
facilitate tlieir transport to a distance from the forest. This 
conversion is effected chiefly by sawmills situated either in 
or near the forest, the existence of which enables many 
forests to be worked at a profit and affords a market for their 
timber, I 

The question whether sawmills should be managed by forest- 
owners, or left to independent private industry, has, in the 


* [This is especially the case in the Sihlwald, a forest belonging to the town 
the wood is worked np in detail into all kinds of mercantile 
P Muce, besides being treated on the spot with antiseptic substances.-^Tr.l 
T bawmiUs,” by M. B. Bale, London, Crasby Lockwood & Co., 1898. 
as vi,. sawmills were run by water-power in Germany *as early 

ow r r ^ ''' abandoned 

ws, 1 opposition of the sawyers, and one erected at Limcljouse, in 1788 
( estroyed by a mob. North America is the home of sawmills, one bavin" 
''' ‘‘‘Sawmills,*’ by Hotch" 


I I 2 
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German State forests, with few exceptions, been decided in 
favour of the latter alternative. The State should not, how- 
ever, hesitate to favour and support sawmills, as its interest 
lies clearly in that direction. As, moreover, sawmills are 
controlled sometimes by forest-owners, especially private 
owners of large forests, and it is desirable that foresters 
should possess some knowledge of their mode of construction 
and management, a general account of them is included in this 
book. 


(a) Forest Sawmills. 

1. Description. 

The ordinary forest sawmill is characterised by its position 
in a forest, its usually simple mode of construction, by being 
driven by water-power and having as a rule only one blade to 
a saw. It consists of three parts, the frame which moves up 
and down with the saw, the travelling or butt carriage sup- 
porting the logs, which are to be sawn, and mechanism for 
setting both the above in motion. 

The saw-blade a (Figs. 296, 297), is nearly vertical and fixed 
in the frame bh, moving up and down with it between the 
wooden slides ee ; below the frame is a pitman /, which is 
attached to a crank g. Every revolution of the wheel B drives 
the saw up-and-down by means of g. The cut is effected by 
the downward stroke of the saw, the steep edges of the teeth 
being pointed downwards. During the upward stroke, the butt 
to be cut must be pushed forward against the saw. With this 
object, the butt is placed on the carriage h, which consists of a 
long, somewhat narrow, strong platform. The head-blocks P 
and F' are dovetailed into the carriage at each of its extremities 
and serve to hold the butt in position. The carriage is 
pushed forward by means of a rack n, which is driven by the 
pinion k of the cog-wheel L and the latter by the cog- wheel 31, 
on the axle of which another cog-wheel N is fixed and driven 
by the ratchet q; ^ is connected by a hinge with one of the 
levers rr attached to a cylinder y, which is moved through part 
of a rotation, and back again, by the motion of the other 
lever r attached to the upper part h of the saw-frame. 
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TJius every upward movement; of the saw-frame forces q 
against the wheel N, which is thus sot slightly in motion and 



Fig. 296. — Forest sawmill driven by water-power. 

^communicates the motion through the cog-wheels M, L, k, 
pushes forward the butt-carriage and the butt against the 
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saw. At the downward motion of the saw-frame, the 
ratchet q is drawn backwards, catching a cog in N when the 
saw is at its greatest height and again forcing N round at the 



next down stroke of the saw. U is the water-wheel which 
drives the saw, the small water-wheel W being used to drive 
back the butt-carriage when the butt has been sawn through- 
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}{ is an iron fly-wheel which regulates the motion of the 
machinery. 

As soon as the butt has been sawn through its entire length, 
the butt-carriage is pushed back as far as it will go, and the 
butt adjusted for a second cut and so on, till it has been 
completely sawn into planks. 

Kecently, many forest sawmills have been improved* in 
various ways ; some of them, however, are still sadly wanting 
in this respect. The improvements are directed mainly to 
improving the outturn of sawmills, both in quantity and 
(piality. The most important of these are the material of 
which the machinery is constructed ; the mode of suspending 
the saw-blade; its form and the nature of the teeth (their 
thicltness, shape and set) ; the movement of the carriage and 
the mode of fastening the butt on to it ; the rapidity of the 
saw, etc. Besides these points there are several others, so 
that evidently there are at present many different kinds of 
sawmills. 

An efficient sawmill should utilise all the available water- 
power, should yield a sufficiently large outturn of planks, the 
latter being clean-cut; there should also he little waste of 
wood and economical working should be ensured. 

2. Material Used, 

If all the parts of a sawmill are constructed of wood, they 
must be very massive and hence require considerable motive 
]>owGr ; much friction is thus caused. The more, therefore, 
non is used instead of wood, the less these inconveniences are 
felt ; on this account, the saw-frame and the guides between 
which it slides as well as the wheels and driving mechanism 
arc made of iron in all new sawmills. 

3. Mode of Siisjyension of the Saw. 

A-s a rule, there is considerable resistance offered to the 
down passage of the saw-blade by the butt. If the saw is 

’ See W, Kankelwitz, “ Der Betrieb der Sagemuhleu,” Berliu bei Giirtiier, 
^862 ; J. D. Dominikus, “ Das illustrirte Handbuch fiir Sagemliller und Hand- 
Siigcr,” Rerascheid-Vieringhausen, 1889-90, 2nd ed., IS9I. 
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suspended vertically, the first tooth of the saw which strikes 
the butt would do all the work in sawing, the other teeth 
passing uselessly through the cut made by it. In order then 
to divide the work equally among the teeth and afford room 
for the butt to come forward during the up-stroke of the saw, 
the crank gives a forward motion to the blade in its downward 
cutting stroke and a retreating motion as it rises from the 
cut. The distance by which tlie topmost overhangs the lowest 
tooth is termed the slope of the saw. On this depends the 
cleanness of the cut. 

4. Kind of Teeth Used. 

The most usual mode of construction of the teeth is that 
sliown in Fig. 298, the cutting side of the teeth being some- 
what out of the horizontal line. Fig. 299, shows the old 



Fi", 20S. — Usual form of teeth. 290.— Old form of teelli. 


German pattern of teeth which is still sometimes employed. 
The area of the teeth is usually in a ratio 1 : 2 to that of the 
spaces between them, but in the case of saws used throughout 
tlie year for sawing coniferous wood, this ratio may be as low 
as 1 : 3. 

5. Thickness of Blade. 

It is highly important for saws to have a proper thickness 
of blade. Too thick a blade wastes much wood and motive 
power, for the latter must be greater the more sawdust is 
produced and the broader the cut. When, however, a stronger 
motive power is used the tension of the blade must be greater, 
this involves a heavier frame and increased strength in all 
the other parts of the mill. All this causes increased resist- 
ance and friction. Too thin a blade, on the contrary, is not 
sufficiently stiff, easily gets heated, its tension becomes slack 
and it then cuts in a wavy manner ; it may also fail to cut 
through hard knots or annual zones in the wood. 
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Saws for liard woods and for resinous, knotty wood of many 
conifers should be tliicker than those used for soft, clean- 
grained coniferous wood free from knots. For blades of 
moderate length to mm. may be considered the best 
thickness for saws. Saw-blades are made now even thinner 
than this, while formerly blades 5^ to 7 mm. thick were used. 
Thin blades give a cleaner cut than thick ones. A good blade 
should also thin off towards its back. From average annual 
results recorded in the Harz mountains, it appears that with 
old thick saw-blades the saw-dust amounted to 10 or 11 per cent, 
of the whole butt sawn, whilst with thin blades it is only 2J per 
cent. There are, however, in the large coniferous forests, whore 
the price of wood is low, many sawmills where the loss of wood 
still exceeds 12 per cent, 

6. Set of the Saw. 

The extent of the set of the saws also influences the loss of 
wood considerably. Setting facilitates sawing, but only at the 
expense of the outturn, both in quantity and quality. Old- 
fashioned saws working in wood of good quality usually have 
a set of O' 75 to I’OO of the thickness of the blade, causing the 
werf to be often 7 mm. and more. Attempts have recently been 
made either to dispense altogether with the set or reduce it as 
much as possible. 

7. Length of Blade. 

The length of the saw depends on the thickness of the butts 
and on the play of the saw (i.e., double the length of the 
crank Fig. 296). The shorter the blade the greater its 
possible tension and the cleaner it cuts. The shortest length 
possible is double the thickness of the largest butt which is to 
he sawn. In a good sawmill this minimum should be exceeded 
only slightly ; evidently the play of the saw must correspond 
with this. 


8. Mode of Fixing Biitts on the Carriage. 

^he butt must be fixed firmly to the carriage, so that it 
Remains rigid while being sawn. Numerous contrivances have 
been invented with this object in view. 
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9. Rate of Motion of the Carriage. 

The rate at which the butt-carriage moves towards the ssaw 
must correspond with the rate of the saw and the depth of the 
cut. The butt must not be too forward for the action of the 
teeth ; in order, therefore, not to overtask the teeth, the butt 
must advance less than the slope of the saw and size of the 
teeth apparently permit. In most old sawmills the depth of 
the cut is between 6 and 12 mm. ; in new ones between 30 
and 36 mm. Instead of the old arrangement of the rack 
and pinion feed, rollers are used, by means of which the work- 
man has a far better control over the rate of progression of 
the carriage. 

10. Rate of Sawing. 

The rate of sawing depends on — the relation of the aiiioaiit 
of motive power available to the mechanism in use; the 
degree of resistance offered by the wood and of friction by the 
saw during the sawing ; also the amount of play of the saw, for 
the greater this is for a given motive power the less rapid is 
the rate of sawing. In old saws the play of the saw was often 
0‘60 to O' 80 meters, with a moderate water-power and moder- 
ately-sized butts 70 to 120 strokes were given in a minute. 
When a return was made to short blades and the play was 
reduced there was an increase in the number of strokes per 
minute. Superior saws of new construction have a play of 
0’30 to 0*50 m., and give on the average 200 strokes in a 
minute. It should he noted also, that the more rapid the 
sawing the greater the space left between the teeth of 
the saw. 

11. Economical Working. 

The value of a sawmill depends also on economical con- 
struction and labour. It is evident that simple forest sawmills 
driven by water-power, in which only a small capital is 
invested and where owing to their situation in the forest 
transport charges are minimised, can work cheaply and com- 
pete with large sawmills which have more difficulty in securing 
cheap raw material. As regards the quality of the planking) 
however, which depends on the best mechanism, as a i'nlo» 
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the large mills are superior, owing to their smooth cut. [The 
maintenance of State sawmills in French coniferous forests 
depends on the wish of the Government to enable small timber 
purchasers to compete with large sawmill owners, who would 
otherwise have a monopoly. The State gives the use of a 
conveniently situated sawmill as one of the conditions in the 
sale of a lot of trees. The purchaser pays to the State a fixed 
rate per square meter of wood sawn.— Tr.] 

(b) Steam Sawmills.* 

1. Frame-saws. 

Although most of the sawmills which will be now described 
are drivem by steam, the use of water-power is not excluded ; 
it must then be strong and steady so as to be suitable for 
powerful turbines. Whilst forest sawmills usually work with 
only one saw, or at most two saws, steam sawmills are supplied 
with a number of saws and other wood-working machines, so 
that they can turn out wood completely ready for use in 
buildings, etc. They differ chiefly from forest sawmills by 
their enormous outturn and its better quality. 

Besides differing from forest sawmills in these points and in 
tbeir motive power, steam sawmills also are constructed differ- 
ently ; being formed completely of iron they are more com- 
pact, stronger, possess greater stability and work more evenly ; 
friction is reduced to a minimum and they are much more 
powerful. This greater power is utilised specially in steam 
sawmills by there being several, saws, up to 10, in the same 
frame, all of which work at once ; a butt is thus sawn into 
planks in one operation. These are termed multiple saws. 
As regards the power required to drive multiple saws, it is 
estimated that three horse-power is required for the empty 
frame alone, one horse-power for the first four blades and for 
®very other blade half a horse-power. These saws are con- 
structed on the same principle as ordinary saws, but mechanical 

* An excellent account is given of modern American sawmills by Hotchkiss 
’>1 “ Encyc. Brit.,” 188(3, vol. xxi. Also see Worssam & Co.’s catalogue (King’s 
head, Chelsea). Mathey, “Exploitation Commerciale dcs Bois,” vol. ii., 1^08, 
gi^cs an excellent detailed account of steam and water sawmills. 
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improvements are introduced to increase their eMciency^n^ 
reduce the motive power required to drive them. 

Figs. 300 and 301 represent one of the numerous kinds of 
multiple saws from the 



Fig. 300 .— Multiple saw. 


catalogue of Kircher k Co,, 
of Leipzig. The frame, 
which is generally diiven 
from below {A), runs very 
smoothly in simple bear- 
ings {a a) and may support 
10 to 20 blades at suitable 
distances. The blades are 
usually fixed in the frame 
by \Yedges. The butt to 
be sawn is supported on 
carriages {m m), one on 
either side of the saw anil 
both running on a light 
tramway, on which it is 
firmly secured by iron dogs 
(?i n) . Two pairs of remov- 
able grooved iron rollers 
{z z) above and below the 
butt press it forwards 
against the saw. As soon 
as the butt has been sawn 
through it is removed by 
butt'Carriages in front of 
the saw, another butt is 
then brought up h'ooi 
behind into contact with 
the saw. No time is lost, 
as in forest sawmillSj in 

reversing the butt -carriage 
while butta and logs of any 


length ma.y be sawn. Fig. 301 shows the same saw u 
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than ordinary forest saws. It should he noted also that sa^Y. 
mill engines are often driven by burning sawdust and refuse 



Fi<j. 302, — Trails}; ovtable sawmill. 


wood instead of coal, this being rendered possible by the use 
of special furnaces. 

Besides fixed sawmills, transportable frame-saws, termed in 
America pony-saws, are now employed. Fig. 303 shows their 
mode of construction ; they are on wheels and arc driven by a 
belt from a locomobile ; they are valuable in forestry from the 



Fig, 303. — Transportable sawmill, 

fact that it is more natural to transport saws to the fovcsti 
than wood in bulk from the forest to the sawmills. 

California is at present ahead of all other countries in sa^- 
mills, not only in constructive ingenuity, but also in the of 
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mechanism to replace manual labour in working the mills. As 
the question there is one of entirely clearing the forests of 
\\'oo(lj for which purpose tramways are constructed expressly 
and penetrate every year deeper into the forests, it is evidently 
busiuess-like to set up pony-saws in the midst of the forest ; 
nowhere therefore are various kinds of pony- saws more the 
order of the day than in California. They work generally 
^Yith circular saws. 

2. Circular Smvs, 

Circular saws consist of a circular thin steel blade furnished 
at its rim with a continuous row of teeth and ca]}able of rapid 
rotation round a horizontal axis. These saws are vertical, and 
only about | of their area is available for work. 

Circular saws require a comparatively low motive power; 
their dimensions vary considerably from 8 in. to 4 feet (0*20 to 
1*20 m.) diameter, whilst the thickness of the blade varies from 
1 to 3*5 mm. A moderate-sized circular saw moves, at its 
circumference, at the rate of 50 to 65 feet (15 to 20 m.) a second, 
for hardwood and 65 to 100 feet (15 to 30 mm.) for softwood. 

The commonest uses of circular saws are as follows : — 

i. Large circular saws for removing side-pieces from beams, 
thus replacing much tedious work with the adze. Although 
this can be done also by frame-saws" yet the circular saw is 
often preferred, as it works the more quickly of the two. By 
Tneans of mechanism, the log resting on rollers moves automa- 
tically towards the saw. 

ii. Large saws for cutting butts into planking ; these are 
generally used after the butts have been sawn in lialf by 
frame-saws. Circular saws are used much more commonly 
for this purpose in America than in Europe. 

[Where driven by engines of from 25 to 100 horse-power, 
the circular sawmill will turn out 20,000 to 60,000 feet a day 
m addition to running double-edge and trimming saws, trim- 
ming off the rough edges and bad ends of the lumber.* — Tr,] 

ni. Double-edging circular saws for edging planks and boards 
consist of two saws on the same axis, the distance between 
them being capable of adjustment. They feed by rollers. 


* “Encyc. Brit., ’ 18SG, vol. xxi,, p. 3-1.?. 
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iv. Saws for laths resemble the above, but there are 3 to 5 
blades on the same axis, which cut up planks into laths or 
other scantling. 

V. Ordinary circular saws, used for sawing planks into thin 
boards, such as those used for cigar-boxes, packing-cases, 
staves, etc. The wood may either be pushed by hand along a 
bench to the saw, or automatic feed may be adopted. 

vi. Another form of circular saw is used for shortening 
logs, removing bad ends of planks, refuse wood, etc. These 
saws may be either fixed or transportable.* 

3. Band-Saws. 

A band-saw is a long thin flexible steel ribbon uniting to 
form a belt and bearing teeth on one side. It passes abovt; 
and below over two large pulleys, the lower pulley driving the 
saw, while the upper one is driven by it. Thus, like the 
circular saw, the band-saw cuts continuously, and also either 
vertically or horizontally. 

Band-saws require 25 to 40 % less motive power than 
circular saws, the friction caused is also less and very little 
waste of wood is caused, saving 20 % compared with other 
saws. They yield smooth and fine scantling. 

Band-saws were first used in small work, either with a fixetl 
or movable table, and especially for cutting along curved 
lines. More recently they have been used for sawing large 
butts (Fig. 304) and are now ousting frame-saws for this ami 
other purposes, especially in America, where the band-saw is 
considered the saw of the future and can turn out 40,000 feet 
in a day. 

Machine-saws for felling trees have been described already 

(p. 181). 


4. Saws for cutting Veneer and thin Boards. 

Veneer-saws differ from other frame-saws by worhing 
horizontally with their teeth pointed downwards. The wood 
to be sawn is fixed in a vertical frame, the feed being of an 
ordinary nature, except that it is from below upwards. 

* For a good description of an American sawnxill, “ Encyc. Riit..” 
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Veneers are sawn from planks of valuable wood, that are 
frequently glued to ordinary coniferous planks and then 
placed ill the frame. The valuable wood can be sawn entirely 



Fig. 301.— Bantl-saw. 


into veneer without any waste, the thinnest veneers sawn 
7 to a centimeter. Drum-saws have been invented 
recently for sawing curved staves for barrels. 


5. Outturn and Assortment of Saivn Material. 

Ibe outturn from sawmills and the sorting of the material 
be discussed here only in a very general way, so far as it 
concerns foresters. 

P-IT. 


K K 
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[It is best to begin by defining tlie different kinds of boanls 
according to the English market: 

Boards 7 inches broad are battens 
„ 9 „ „ ,, deals 

„ 11 ,, ,, „ planks.— Tr.] 

When the logs are sawn into boards, there is a wastage of 
30 to 50 % in wood free from sapwood, so that one hundred 
cubic feet of sawn material conies from 166 cubic feet of 
timber in the round, or 100 cubic feet of round timber yields 
60 cubic feet of planking ; in planks of the best quality, the 
outturn is only 80 to 40 %. The wastage is least in beams and 
large squared pieces, more for planks and most of all for 
battens free from sapwood and pith. 

In assorting sawn timber the most important points are: 
soundness, dimensions, knottiness, coarseness and fineness 
of sawing, squareness of section ; whether the boards are 
of tlie same breadth at either end or are slightly conical, also 
whether the bole or the top of the tree has been sawn. 
Besides these, the nature of the timber, quality of grain, 
straight or torse fibre, colour and finish must be considered. 
The parts of the bole between the pith and sapwood yield 
the best boards, while the central board is the worst, and 
contains usually a number of small hard knots. Of knots, 
loose ones reduce quality greatly, while sound firm knots 
are less injurious. The length of boards del)ends on local 
custom, but their value increases always with their breadth. 

As regards the storing of boards from freshly-felled stems 
they should be left lying one on another for a short time after 
the sawing in order to prevent warping ; then they should be 
stacked vertically for a few days against a horizontal bar with 
supports. This allows much sap to run out. They should 
then be placed in rectangular stacks, raised from the ground 
on supports, each board being separated from its neighbours^ 
by a small piece of wood, so as to allow complete aeration. 
Oak planks should not be placed one on the other as they were 
in the log, but on their edges and apart. Only after a fe^v 
months should they be stacked, as they were in the log, ^vith 
pieces of wood between adjoining planks. In large stacks a 
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slight iiiclitiatioii to the horizontal should be given, so as to 
allow the rainwater to drain off. 

Section II, Other Wood-working Machines. 

1. Veneer-planes. 

I or a number of years veneer pianos have been used instead 
of saw.s for cutting veneer. There are two kinds of machines 
used, one cutting straight and the other spirally. In the 
former, either the horizontal 0-foot blade is fixed and the wood 
pushed under it, or the 
wood is fixed and the blade 
works over it, the veneer 
coming off of the thickness 
of paper. With spiral 
machines, the wood is in 
cylinders and is fixed in 
a lathe and turned slowly 
on its axis. The sharp 
blade acts tangentially on 
the \YOod and keeps cut- 
tiiig in deeper, until the 
veneer is pulled off in one 
long piece from the cylinder 
that is reduce^! gradually 
in size. The thickness of 
the veneer can easily be as low as 0*25 mm., so that there are 
40 widths in a centimeter of wood. 

[A machine for cutting thin boards was invented in 1875 
hy Leon Plessis/ the action of which may be understood from 
305; (a) is the cutting blade, 8 or 4 meters long, 
astened to a frame (b) ; (c) regulates the tliickjiess of the cut 
pieces of wood, which may vary from 2 to 20 mm. The 
greatest thickness which can be cut is 2 centimeters, supply- 
ing boards for cigar-boxes, packing-cases, etc. The instrument 
slides up and down in a vertical frame, a piece of wood being 

at each down stroke, and the butt, which is being cut, 

Society Franijaise de tranchage de bois, 4, Passage Charles Dalleiy, Paris. 

K K 2 
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advances through a space equal to the thickness of the 
section at each up-stroke. The cutting part of the machine 
weighs 6 tons. The butts cut are as long as the eutting-blade, 
and are steamed previously, the wood being chiefly softwoods, 
such as poplar or alder. This process yields 30 or 40 sheets 
to the inch, while sawing veneers yields only about 12 sheets. 

The pieces when cut are pressed dry by hot rollers ; then 
they are replaced consecutively so as to reproduce the form of 
the butt from which they were cut, when they are fastened 
together and kept ready for use. 

This machine is driven by 20 horse-power and cuts in a 
minute 20 pieces, 3 meters long and of any thickness up to 
2 c. It can cut 30,000 square feet of boards in a day.*— Tr.] 

2. Planing -Machines. 

Planing-machines consist of rapidly rotating, narrow, steel 
cylinders up to a meter in length on which several removable 
blades of the same length as the cylinder are fixed and they 
plane the pieces of wood that are pushed forward under the 
cylinder. Planes of this kind are now constructed, either to 
plane smoothly, or to cut mouldings in the wood. Then; are 
also planing-machines that plane four sides of a piece of wood 
at once. In this way wood is prepared for door and window 
frames, for parquets, for picture-frames, etc., and such pieces 
are sent extensively into the market by ^forest-owners in 
Sweden. 

3, Wood-turning Machines. 

Wood-turning machines of various patterns are used to cut 
curves in wood, as in the legs of chairs, etc. The cutter 
takes the form of a spindle with spiral or angular blades. 

4. Wood-wool Machines. 

These are planing-machines in which the plane is fixed and 
the piece of coniferous, poplar or limewood is pushed against 
it, or the plane moves over the wood that is fixed. The 
cutting edge is movable and of various dimensions, so tha 
pieces of wood can be cut of different sizes. 


’ Boppe, op. cU. 
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5. Wooden Thread Machines, 

These are constructed similarly to the above-mentioned 
niachiiies, only there are a number of circular planes fixed 
close together on a flat edge. Either the wood is pressed 
against the planes or the latter against the wood; round 
rods or threads are produced of the same diameter as the 
planes, and of the same length as the piece of wood, 

6. Wood-bending Machines, 

As already stated (p. 96) wood becomes pliable when 
moistened and heated. Steamed or boiled wood when dried 
retains the shape that is given to it. Manual labour suffices 
to bend small pieces of wood, but large pieces for wheeh 
felloes or for curved wood used in ships and barges are bent 
by machines. As in bending wood the fibres on the outer 
convex side are stretched and may break, precaution is taken 
to bend the wood rather by shortening the inner fibres than 
by stretching the outer ones. The piece of wood is therefore 
fixed along a thin piece of steel between two strong bent iron 
clamps at its transverse ends. The wood is then pressed 
against a cylindrical surface, so that both wood and steel are 
bent, the steel preventing the stretching and breaking of the 
wood-fibres. 

7. Wood-pressing Machines. 

Cast brazen dies are pressed into wood by a strong iron press. 
The wood is boiled or steamed, or the dies are lieated by red- 
bot irons. Wood can be pressed more easily on its transverse 
section, than tangentially or radially, A piece of veneer is 
glued on to the surface of the wood before it is pressed, so that 
it may be imagined that the wood is curved and not pressed. 
If pieces of veneer 3 mm, thick are pressed between two 
slightly undulating iron plates, the undulations in which fit 
into one another, wavy wood, or curls, may be imitated. When 
fliis wood is planed, imitations of mottled wood are produced 
completely resembling the structure shown in Fig. 47. 

8. Wood’pulping Machines, 

There are two kinds of these machines, one in which the 
siii'face of the wood is rubbed or planed away, and this is 
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done usually by manual labour. In the other kind of 
machine the wood is cut up into wood-pulp for paper manu- 
faciure. By the former method the wood in cylinders 10 to 25 
cm. in diameter and varying in length, of aspen, lime or 
spruce, is barked and cut into pieces about a foot long ; it is 
then split and all knots bored out of it. Then the pieces are 
pressed against a rotating stone under a steady flow of water, 
the coarser fragments are sifted olT and separately reduced to 
pulp, and the fine pulp freed from superfluous water and 
pressed into its marketable shape. This is white pulp of the 
same colour as tlie wood. 

If, before grinding, the wood is steamed at a pressure ol 
2 to 6 atmospheres or boiled, brown pulp is produced, wliidi 
has longer fibres than white pulp ; after adding glue, clay, 
etc., it is used for brown paper for packing purposes, 'the 
first wood-pulping machines were constructed in Heideuheiiii 
by Volter; they require a considerable flow of water, both 
for power and for the purposes of manufacture. There are 
now 700 pulp-factories in Germany, which use annually one 
million solid cubic meters of word (35,000,000 cubic feet). 

Besides the more important wood-working machines there 
are a nuniher of others used for special purposes, such as 
mortising and turning machines, and oscillating augers for 
boring holes of various dimensions. Among the splitting 
machines those for reducing the size of firewood billets are 
employed extensively in large towns. 


B. TREATMENT FOR THE IMPROVEMENT OF 
WOOD.^ 

Section L Improvement in Appearance and Quality. 

1. Imp'ovemeni m Texture, 

The w^oods of many species, exj,, lime, birch, aider and 
conifers, are not ornamental, but the method described on 
p. 501 can be adopted to render them so. 

* R. stabling, “Tech nisei I er llatgeber auf dem Gebiute der Hob.infnii-ttie. 
Leipzig, 1901. 
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The texture of valuable woods is imitated by stamping on 
soft woods the characteristic marks of good woods, by means 
of hot cylinders or plates on which these marks are embossed. 
They cut grooves in the wood resembling sections of wood- 
vessels, so that alder or beech wood may imitate Cedrela 
odcrata for cigar-box wood. The texture also may be 
imitated by graining, in which a ground-work of oil colour is 
made, first, by laying on two coats of a colour lighter than 
that of the wood to be imitated, and then, with a kind of 
comb, or a fine paint brush, the veins, etc., are painted with 
tiu'pentine coloured to match them. Thus walnut is imitated 
from alder and beech, mahogany from cherry-wood, rosewood 
from sycamore, oakwood from spruce, pine or silver-fir. A 
finer texture is obtained by branding. 

Tlie best means of improving the texture of wood is by the 
use of veneer, when softw'ood is covered by thin sheets of 
a valuable wood. This cannot he called a falsification, for 
veneering involves cheapness, reduction in weight, and pre- 
vents warping. The woods of spruce, pines, silver-fir, limes, and 
poplars are used as the substratum {Blindhob), whilst finely 
textured and coloured walnut, mahogany, rosewood, bird's-eye 
maple, ash curls or oak serve as veneer. By special arrange- 
ment of the markings on the veneer, symmetrical figures are 
produced that heighten greatly the beauty of the work. The 
adjoining surfaces of the blind-wood and veneer are roughened 
carefully with a special plane and the former covered with 
glue on which the veneer is pressed. This plane has a row of 
pointed teeth, instead of a flat cutting edge. 


2. Improvement In Colour. 

ITiere are numerous materials for improving the colour of 
wood. Thus bleaching is effected by destroying the colour- 
Rig-matter in wood by various chemicals that are rich in 
oxygen, such as hydrogen peroxide and ammonia, sodium 
or barium peroxides with oxalic acid, or silicates of alkalis ; 

with calcium- chloride and solutions of soda or potash. 
Staining ig done to give a fashionable colour to inferior wood, 
either by imitating the colours of exotic woods, or even 



504 


AUXILIARY FOREST INDUSTRIES. 


colours that do not occur naturally. If the wood is to be 
coloured superficially only, it is sufficient to paint it with the 
stain. If it is to be stained throughout, as is necessary for 
wood ‘mosaics, apparatus are used similar to those impreg. 
Dating wood with antiseptics. Staining does not obliterate 
the texture of the wood. 

Brown stains are used for imitating oak and walnut wood, 
or to give these \voods the appearance of antiquity. Beech, 
birch, hornbeam, spruce and silver-fir take brown colours well. 
The staining matter is extract of the husks of walnut, Cassel 
brown, catechu, manganese peroxide, potassium chromate, 
gallic acid, extract of tar, etc. Black stains are used to 
imitate ebony, the wood of the pear-tree, lime, hornbeam and 
holly being suitable. Certain salts of anilin yield a black dye. 
[A simple method is to brush the wood over with a strong 
solution of sulphuric acid and water, also by boiling 1 lb. of 
logwood with J lb. Brazil wood for hours in a gallon of 
water and brushing the wood several times with the liot 
solution. — Tr.] Red stains are used to imitate mahogany, 
maple, ash, birch, alder and beech being suitable woods; 
alkanet {Alkanna linctoria), cochineal and anilin dyes are used. 
Green and yellow stains are made from verdigris and anilin. 
Blue wdth indigo and anilin dyes. 

Painting wood increases its durability, excludes moisture, 
prevents warping and conceals all its defects. Wood-paints are 
produced by pounding lime and coloured substances such as 
wffiite lead, chalk, yellow ochre, verdigris, Prussian blue, red 
lead, chrome red, lampblack, etc., with oil, lac, varnish (alcohol 
or turpentine, with sandarac (gum of Callitris quadrivakis), 
mastic or lac). Before applying the paint, the wood should 
be prepared by filling its pores and unevennesses with putty. 

It may be noted that in Japan, pale birch\vood is cut so 
that yellow and red specks and stripes, due to fungi, appear, 
and this improves the colour of the wood, which is then used 
for turnery. 

3. Improvement in Liistre, 

Polishing gives wood a permanent bright lustre, renders its 
texture clear, excludes humidity and prevents warping and 
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cracks. Solutions of lae or of Manilla copal in alcohol are 
rubbed on the wood. Oak parquet floors are rubbed with 
beeswax to make them shine. Lacquering is used for inferior 
furniture, by rubbing it with solutions of copal, sandarac, 
mastic in alcohol or turpentine; or with that of copal in 
linseed oil, this dries slowly but affords the most permanent 
lacquer. Japanese lacquering, famed for its durability, is 
effected by means of the latex of Rhus vernieijem. Woods of 
Chamaecyparis and Maynolia are the substrata of the best 
Japanese lacquered work. CryptomGvia wood is used chiefly 
for inferior goods that are exported to Europe or America. 

4. Improvement in Hardness. 

This may be effected either by hardening or by first 
softening the wood. The fibres of the wood are softened by 
boiling the wood in water, or better by steaming it under 
pressure ; if before steaming it, the wood [e.y. beechwood) 
is steeped in dilute hydrochloric acid, it becomes, after being 
steamed, so soft and plastic that it can be pressed into -Jth of 
its original volume. Boiling w'ood in saturated solutions of 
calcium-chloride also renders it soft and plastic. Wood 
may be hardened if it is painted with soluble- glass, or better 
still, if it is impregnated with soluble-glass by pneumatic 
pressure. Impregnation of wood with caustic potash or soda 
lenders it highly resistant to atmospheric influences. 

5. hicreasing the Weight of Wood. 

If increasing the weight of wood could improve its economic 
ulue, it would be quite easy to effect this, but whenever the 
eight and durability of wood is increased by impregnating 
the extra weight is an accompaniment that is biirden- 
some in commerce, so that there can be no advantage in 
increasing the weight of the wood unless some other advantage 
18 secured. A reduction in the weight of wood is attainable 
imd advantageous only as long as it contains water. Once 
^vood is dry, its weight can be reduced only by destroying its 
substance. Hence, where lightness is desirable, softwood 
instead of hardwood should be chosen, or the lightest oak- 
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wood instead of heavy oakwood, or veneered softwood instead 
of massive hardwood. 


6. Lnprovementii in Hijgroscopicihj, 

In order to counteract as far as possible the evils of the 
varying humidity of wood, such as warping, cracking, swelling 
and contracting, the following remedial measures are available. 

To prevent air-cracks and heartshake in logs, it has been 
recommended that trees before they are felled may be barked 
to a height of one meter and not felled until they are dead. 
The leaves then pump out much water from the stem. 
R. Hartig has, however, shown that the leaves die bhfore the 
stem has lost a third of its contained water. Even the girdling 
of a tree down to the lieartwood, which kills conifers in a few 
weeks, does not kill broadleaved trees till 1 to 3 years, so that 
in this experiment, as well as in that of leaving the crown 
with its foliage on a felled tree, the leaves dry up long before 
the stem has become appreciably dry. These practices, which 
appear so plausible and easy, have appeared in literature for 
more than a century ; they w'ere recommended even by Pliny. 

Better remedies may he tried after a tree has been felled, 
such as partial barking the tree along the stem in pieces of a 
hand’s width, or the removal of the bark in a spiral up the 
stem so as to delay the drying and the formation of cracks. 

In order to prevent star-shake at the base of a log, paper 
may be glued on. Paper is glued on to all the surfaces of 
valuable exotic balks ; pieces of bark may be nailed on ; on 
pieces of thin planks of wood, grease may be laid, or carbo- 
lineum, wax, clay, petroleum, linseed oil, tar, rabelka (sebasate 
of alumina), soluble-glass; or S-shaped clamps driven in lo the 
wood. It is generally believed, that by washing out the soluble 
salts, plasma and sap of wood, not only its durability is 
increased, but also cracking is prevented and warping reduced. 
Hence floating, rafting, boiling and steaming are recommended. 

Impregnating wood with various substances is a good pre* 
servative against warping, although the chief object is to 
render it more durable. Thorough desiccation of the wood 
is highly effective. Formerly this was secured by storing the 
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wood for years in airy places, where the wood was kept first 
in the open and exposed to moisture from the air, then in 
shady, dry chambers and finally in heated ones. At present 
there is not usually space enough for this, and the process 
is too costly, so that wood is sold either unseasoned or is 
seasoned artificially. Artificial seasoning is employed 
extensively in America. In JSappert^s method of seasoning 
wood, planks, boards, laths, etc., arc exposed to air heated to 
30'^ C. (69° F.), while an exhauster removes the damn air; 
in this way dry softwoods become dry in 6 to 8 days, hard- 
woods in 12 to 15 days, without exhibiting cracks or any 
deterioration in colour, elasticity, etc. If the air is also rare- 
lied, according to 8cha(Tcnius, the desiccation is more rapid. 
Uood may also be placed to dry in dry, fine sand, charcoal- 
dust or powdered peat. Wood intended for water-pipes is 
plunged in waiter in order to prevent cracking. After the 
wood is dried thoroughly, a coating of oil, paint, varnish, lac or 
polish, protects it from moisture, as has been described already. 
Warping may be prevented also, by constructing articles of 
small pieces of wood, which are fastened together (billiard 
cues, parquetry, drawing-boards), or spaces are left to allow 
for expansion (door- panels, wooden ceilings, etc.), or species 
of wood are selected that are known to be only slightly absorptive 
of water. 

7. Increase in PUahilify. 

I’hc pliability of wood is increased by means of moisture 
and heat. Bent furniture is made of steamed wood, so arc 
felloes of wheels and curved planks in carriage- making and 
sbip-building. 

8. Increase in Durability. 

There are numerous ways of increasing the durability of 
^jood ; some of them can be employed before a tree is felled, 
’hat girdling the lower part of a stem, or felling it with its 
crown of foliage, are not effectual has been stated already 
(P- 606), E. Mer recommends that a ring of bark should be 
Removed immediately under the crown, not in order to dry 
^ stem, but that the latter may be deprived of its sugar and 
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starch by the new foliage, whilst freshly formed carboliy. 
drates cannot descend the stem ; this is said to increase tlie 
durability of the wood. The question whether wood felled in 
summer or in winter is the more durable has been discussed 
since the time of Pliny (c/. p. 102). Of much greater import- 
ance, however, than the season of felling is the subsequent 
treatment of the wood (during conversion, seasoning or trans- 
port) and the kind of weather that prevails at the time of 
felling. As regards the latter, autumn and winter arc probably 
the most favourable felling-periods. 

Every precaution taken to secure thorough desiccation and 
to prevent the wood from again becoming wet {cf. p. 6) increase 
its durability. Slow desiccation of coniferous wood must- 
increase its durability, as more rosin becomes injected naturally 
into the heartwood and less of the volatile turpentine evapo- 
rated. Councler considers that when wood is steeped in 
running water or floated, its soluble contents are removed and 
that this favours durability. This can be the case only when 
the wood, after removal from the water, is dried thorougbly. 
Steaming wood has a similar effect when it is dried after being 
steamed. 

When wood is used under conditions unfavourable for its 
durability, those species should be selected that are highest in 
the scale of durability on page 100 of this book ; as the sap- 
wood is not durable it should be removed always. The surface 
of posts and piles in contact with the ground may be charred, 
which should be done by applying a blast flame to it, as placing 
the w'ood in an open fire cracks it and exposes it to the attacks 
of insects and fungi, or to the inhibition of rain-water. Tks 
tops of posts can be sheltered from rain by nailing on them 
plates of copper or zinc, a measure that is also protective for 
the wood-work at sea-ports against teredos, etc. 

Impregnating wood with antiseptic substances is to bo 
recommended. An extensive literature has appeared on tins 
subject owing to the great interest in railway and raining 
works, street-paving, etc., and to the desire of forest-owners, 
that woods which are naturally of slight durability only may 
obtain a better market. The next section will deal with tins 
subject as far as is necessary for Forest Utilisation. 
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Section IL — Antiseptic Treatment of Wood. 

L Methods for Converting the Decomposible Constituents 
of Wood into Antiseptics. 

According to Bend’s process at Stettin, the wood is dried 
by hot air in a closed chamber; after the air has been 
exhausted, oxygen is admitted into the chamber. The oxygen 
that is absorbed by the wood is converted by intermittent 
electric sparking into ozone, ])y means of which the readily 
decomposible constituents in the wood are oxidised into 
tcrpeiies and creosotes. 

Haskins’ process* consists in placing the wood in cylindrical 
waggons into an iron boiler 6J feet in diameter and 112 feet 
long (Fig. 309). After the boiler has been closed, air heated 
to 300 to 500^^ C. is pumped into it for several liours, after 
which the pressure is removed and the wood allowed to cool. 
Owing to the high temperature, sugar, gum, tannin, protein 
and starch are converted into the antiseptics, acetic acid, 
methyl alcohol, phenol, creosote, etc. ; these substances 
amount to 12 per cent, of the weight of the wood. The pro- 
cess is termed Haskinisation, or Vulcanisation, and has given 
good results on the Manhattan Railway, New York. 

n. Methods for Removing the Easily Decomposible, 
Soluble Constituents of Wood, and replacing them 
by an Antiseptic Substance. 

1. Mater iak used for Injection, 

A number of substances have been known for a long time 
that render wood durable, such as resin, essential oils, 
camphor, tannic acid, acetic acid, heavy tar-oil (creosote) ; 
several salts, as green, white and blue vitriol (sulphates 

iron, zinc, and copper), chlorides of iron, zinc, mercury or 
^^gnesia, Glauber’s salt (sodium-sulphate), common salt, etc. 

^7 a few of them are, however, applicable on a large scale, 

Acoorduig to Grady, “ Rev. des Eaux et Forets, ” 1896, Mayer bas the prior 
to this invention. 
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and of these the following are at present in the front rank 
sulphate of copper, chlorides of zinc or mercury, heavy tar- 
oils (creosote) and milk of lime. There are also a few other 
substances the use of which is still only in the experimental 
stage. 

Injection with sulphate of copper (blue vitriol) was employed 
in France on a large scale first by Boucherie, and has been 
used extensively since 1841 for building-timber, railway- 
sleepers and telegraph-poles. Formerly this method was 
used extensively by railway-companies in France, Austria, 
and Bavaria; this is no longer the case, though it is still 
employed here and there for telegraph-poles, stakes and other 
small pieces of timber exposed to decay. Wood injected with 
sulphate of copper is harder than wood in its natural condition, 
but is rendered more brittle and weaker by the process. 

[The salt also is washed out of the wood easily and it 
reacts on all iron with which it may come in contact, so that 
iron-fastenings applied to wood so treated must be galvanised, 
or coated with zinc, and the wood tarred at the points of 
contact. — Tr.] 

Sir W. Burnett, in 1838, patented a process of injection by 
means of chloride of zinc, which is at present used in many 
German, Austrian and American railways. Chloride of zinc is 
one of the cheapest antiseptic substances, and recent experience 
has proved that it is preferable to sulphate of copper. 

[Chloride of zinc docs not corrode iron but is said to be 
washed out by water ; to prevent this the Wellhouse * process 
has been invented in America. Glue is added to the solution, 
which is forced into the timber, and subsequently a solution 
of tannin is pumped into the injecting chamber, at a pressure 
of 100 lbs. to the square inch, forming with the glue a leathery 
substance which fills the pores of the wood and prevents the 
washing out of the zinc chloride. — Tr.] 

The use of chloride of mercury (corrosive sublimate) was 
patented in 1832 by the Englishman Kyan as a preservative 
for timber. 

[Kyanising was for some time used extensively in Britain, 
and is useful in dry situations but useless in sea-water, 
* “ Eiigiueer,” Sept 11,1891. 
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corrosive sublimate being a strong poison has also the draw- 
l)acl{ of inju^ng the workmen who are employed in handling 
it ; it also corrodes iron and is somewhat volatile at ordinary 

temperatures.— Tr.] 

Oreosoting with heavy oils from coal-tar is employed chiefly 
in Britain, and is now being used increasingly in France, 
(ter many and other countries ; although the method of injec- 
tion now employed is capable of improvement, it is undoubtedly 
superior to injection by metallic salts. Creosoted wood is 
hard, tough and black, much less absorptive of moisture than 
uncreosoted wood, and does not form chemical combinations 
with metals. On the Emperor Ferdinand Railway, in Austria, 
a mixture of chloride of zinc and carbolic acid is being used 
with good results. 

Blythe at Bordeaux injects wood with steam containing 
tar-oils. [Boulton considers that no good can result from 
this, the light oils being too volatile to remain long in the 
timber; on the other hand, the injection of heavy oils in 
the form of vapour is prevented by their high boiling point 
ranging from 400° to 760° F., while timber is rendered 
brittle and unsafe for engineering purposes at a temperature 
of25fl°F.— Tr.] 

Stuart Monteith first used milk of lime to fill the pores of 
timber; this method has been reintroduced by Frank and 
is useful for preserving furniture and other woodwork under 
cover, but its utility is doubtful for wood in the open. 

2. Mctliods of Injection. 

The method of injecting wood by the various substances 
iilready referred to is as influential on the result as the anti- 
septic substance itself. The most important methods are : — 
hydrostatic injection, pneumatic injection, imbibition by 
Immersing or boiling the wood in solutions of the antiseptic 

substances. 

(a) Hydrostatic injection. — At first the antiseptic liquids 
absorbed by the natural force of the foliage raising the 
incisions being made with this object at the base of the 
a standing tree. This method was abandoned owing to 

impracticability [and the fact that the foliage exerts only an 
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upward pressure equivalent to that of 10 or 12 feet of 
water *—Tr.] Boucherie discovered that a pressure of one 
or two atmospheres applied at the transverse section of a 
log is sufficient to expel the sap and replace it by another 
liquid. 

Stems or poles, with their hark intact, are placed nearly 



horizontally (Fig, 306, a, a) on a timber framework ; the 
liquid (1 part sulphate of copper to 100 parts of water) flows 
from a vat h, which is supported on a trestle 26 to B2 feet 
high, passing by the pipe m into the conducting tube n 
the ends of the logs, it enters the logs through the gutta- 
percha tubes pf each tube having a separate tap. In order 
to prevent the liquid from escaping by the anterior section 
of a log, a piece of hempen rope is placed round its periphery 
* Boppe, op. cit., p. 93. 
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and a board (rf, Fig. 307) placed over the rope and pressed 
firmly against the log by a press h and two tension screws 
and nuts. The section of the log, the board d and the piece 
of rope placed in a ring between them, enclose a hollow space 
with which the gutta-percha tube communicates by means of an 
oblique auger-hole bored in the log. The solution of sulphate of 
copper flowing from the vat d, with a pressure due to its height 
above the ground, is therefore driven into the log and expels 
most of the sap, which issues from the smaller end of the 
log, at first pure but eventually mixed with the injecting 
solution. This waste liquid flows into a wooden trough s, 



Fig. 307. — Method by injection. 

and then is conducted to the tank K, which is provided with 
a. filter to exclude impurities [and also a basket full of crystals 
of the injecting substance in order to maintain the strength 
yf the solution — Tr.] . The liquid in K is then pumped back 
into the vat b by the pump iv. Instead of forming the hollow 
space at the base of the log by means of a piece of rope, 
Oesau used a metallic vessel like a round, shallow box, the 
sides of which are sharpened so that they can he driven into 
llic base of the log with a few blows of a hammer, whilst 
Ibere is an orifice in the base of the box into which the tube p 
is screwed. 

[Soppe states that long logs in France are injected by being 
nearly across at their middle (Fig. 308), so that a 
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thickness of only IJ to 2 inches of \POod is left below, then the 
log is raised by levers, and a piece- of rope inserted in the 
opening. On removing the levers, the log returns to its former 
position, and the cut closes tightly on the rope ; an auger-hole 
is bored obliquely through the log into this hollow space, and 
the gutta-percha tube placed in it as before. — Tr.] 
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or by a chemical test, to ascertain when the injection is 
sufficient. — Tr.] 

In order to inject logs satisfactorily by Boucherie’s process, 
a long time (up to 70 hours) and a large timber-yard are 
required. The injected logs are dried slowly and as thoroughly 
as possible, then they are barked and converted. 

When freshly felled stems are injected, the hark must be 
preserved completely or the injecting liquid will escape. If, 
however, they have been kept for about three months, the pre- 
servation of the bark is not material, as the sap wood dries for 
a few centimeters down and becomes impermeable for liquids. 

Another improved method based on that of Boucherie is 
that carried out by Pfister.* Instead of pressure due to a 
fall of about 30 feet, Pfister used a portable forcing-pump 
producing a pressure up to 20 atmospheres, he thus drove 
the injecting liquid through tubes into the wood, the tubing 
being arranged so that it can be lengthened at discretion or 
conducted at the same time to several logs. The advantages 
of this method are, that the injection is effected more rapidly 
than by Boucherie, and in the forest immediately after the 
felling of the trees or poles without any necessity for trans- 
porting them to the injecting works. 

Pfister’s apparatus will inject thoroughly a beech-butt 
10 feet long in about half an hour, it being immaterial 
whether the bark is damaged or not. He also devised an 
improved method of enclosing the base of the logs. The 
apparatus, with several closing pieces of various sizes, costs 
from ^£200 to ^300. 

(b) Pneumatic injection. — Antiseptic substances can be 
injected into wood more effectually by means of a forcing- 
pump than by the hydrostatic method, the process being 
conducted much more rapidly ; at present in Germany 
pneumatic injection is employed exclusively in the case of 
<5hloride of zinc, creosote, acetic acid, etc. 

In this case the wood is converted into beams, scantling, 
railway-sleepers, etc., and they are placed in large iron 
cylinders (/4, A) containing the injecting fluid, which, at 

. und Bohmerle, “ Ccntmlblatt dcs gcsammteu Forstwesens/’ Vienna, 


L L 2 
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Fig. 309.— Creosoting cylinders, 
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temperatures of 112^ to 194° F. (50° to 90° C.) is pressed into 
the wood by powerful steam forcing-pumps. 

The pieces of wood to be injected are packed as tightly as 
possible on the trucks (Fig. 310), and the latter are pushed 
along a tramway (?n, ??i, Fig. 309) into the cylinders A, A, 
When the cylinders are full, the rails leading to them are 
removed, and the head x adjusted and fixed firmly so as to 
close the cylinder. The wood is first steamed at a temperature 
of 112° G. (234° F.) for one 


hour; the steam is con- 
ducted from the boiler M 
through the steam-pipe a. 
When the steaming process 
is concluded, the air is 
sucked out of the wood by 
means of the air-pump B 
and the injecting liquid 
(30 to 50 fold diluted chloride 
of zinc, the latter contain- 
ing 2o% of zinc) is admitted 
through the pipe h b into 
the cylinders, the air-pump 
still working for some time. 
When the cylinder is full, 
the forcing-pump D presses 
the liquid into the wood. 



Pig. :nO.~KroTit of an injecting cylinder 
With a truck laden with wood. 


hi order to efiect this, a pressure of about 6 atmospheres is 
applied for f to hours. The injecting liquid is then drawn 
(•ack into the reservoir, and the truck removed with its con- 


tents. The two cylinders are used alternately. 

Quite recently it has become the practice to omit the steam- 


entirely and to dry the wood, especially in ereosoting with 
I'ar-oil, etc. This method is employed in Berlin and also 
the Great Northern Bail way, Ireland. The drying is 
<Jtfected in a drying-chamber, heated to 177° or 267° F. The 


is then placed in the injecting cylinders, out of which 
air is drawn, and the tar-oil admitted at a temperature 
113° to 140° F. (45° to 60° C.)> and pressed into the wood 
the same way as when chloride of zinc is used. 
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[Boulton* says that the presence of water in timber at the 
time of creosoting is most prejudicial to successful injection, 
and that railway-sleepers and other timber should be stacked 
and dried for several months before injection. This pre- 
caution can be secured easily in the case of railway-sleepers 
or telegraph-poles, but when timber is sawn from logs kept 
in timber-ponds in the docks, it is difficult to afford a proper 
time for stacking and drying it. before creosoting. Owing, 
ho^vever, to the injury done to timber by drying it artificially 
at temperatures up to 250*^ F., the action of stoves in closed 
chambers, or of superheated steam, is very prejudicial; he 
therefore considers 280° F. as the limit of safety for heating 
timber intended for engineering purposes. Boulton has there- 
fore patented a process depending on the different boiling 
points of water (212° F.) and of heavy tar-oils (350° F. to 
700° F.) ; the creosote is admitted at a temperature slightly 
over 212° F. and the action of the air-pump continued, so 
that any water in the logs is converted into steam and drawn 
off by the air-pump through a condensing worm in a dome 
on the top of the injecting cylinder. The creosote is still 
liquid at 212° F, and replaces the water in the log, which is 
not then subject to any excessive heat, and consequently its 
tissues are uninjured. Boulton also maintains that in the 
case of railway-sleepers to be used in India and other hot 
countries, this injecting at a temperature of 212° F. fills all 
cracks in the wood with creosote ; as in India therefore the 
sleepers will not he subjected to such a heat in the ballast, 
they will not crack any further there, which is not the case 
with sleepers injected at a heat less than that they may 
experience in Indian ballast. — Tr.] 

When heavy tar -oil is used for injecting purposes, the wood 
is coloured dark black ; the hard, pitchy components of the 
tar form a crust almost as hard as stone on the surface and 
fill all the crevices of the wood. [In England about 60 gallons 
of heavy tar-oil are used per load of 50 cubic feet, the oil 
weighing 11 lbs. per gallon. — Tr.] 

F. Ldwenfeld has designed a pol:table apparatus for injecting 


• S. B. Boulton, “ An improvement in the process of Creosoting Timber. 
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wood, which is based on the principle of first steaming the 
wood and then injecting it by forcing-pumps in chambers 
deprived of air. There are six of these chambers, which can 
be connected successively with the steam-generator, and in 
which the process of injecting is carried on continuously, the 
sixth chamber being removed and charged with wood, the 
first chamber steamed, and so on. 

In Blythe’s system (according to Gayer) the wood is dried 
artificially and then placed in boilers, where it is subjected 
to a high pressure of steam containing heavy oil of creosote 
ill suspension. The wood is subjected to injection during 
G to 20 hours ; it is injected completely, and assumes a dark 
colour like that of several tropical woods. The softened wood 
is rolled and pressed till it is reduced in thickness by 
10 % or even 40 %. The effect of the injection is increased 
by compressing the wood, and thus a very superior kind of 
furniture-wood is produced (Exner). It is preferable to use 
freshly felled wood, and Exner states that beechwood thus 
injected and compressed gains up to 19 % in strength. 


III. Steeping Converted Wood in Antiseptic Liquids.* 

This method is employed chiefly for kyanising stakes and 
small pieces of wood. Large wooden troughs like cooling- 
troughs are partly filled with a solution of 1 part of corrosive 
sublimate to 150 parts water; railway-sleepers, telegraph- 
poles, etc., are placed in them, weighted to make them sink, 
and kept from 8 to 10 days immersed. The solution pene- 
trates only 2 mm. into the wood, which cannot be altered in 
shape after immersion. 

[Boulton says that small pieces of wood, hop-poles, fencing- 
slabs, stakes, etc., may be placed in an open trough with 
heavy tar-oil, which is heated by a fire under the trough, care 
being taken not to raise the temperature of the creosote above 
230^F.— Tr.] 

Other methods by immersion give inferior results. Formerly 

* E. Henry, “ Preseivation Hes Bois eontre la Pourriture.” Berger 
l^evi-aalt et Cie., Nancy. 1907. 
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tlie wood was frequently boiled in antiseptic liquids, steam 
being introduced into the vessel in which the wood was 
immersed until the liquid in it boiled. Blue vitriol, borax 
solution, etc., were thus injected, but the liquid must be kept 
at the boiling point for 10 or 12 hours. 

Recently H. Liebau, in Magdeburg, has attempted to intro- 
duce the liquid from the interior of the pieces of wood instead 
of externally, in order to protect the heartwood from decay. 
This method can be used only for stakes, piles, etc., the axis of 
which is bored through after they have been driven into the 
ground, and tar-oil, pitch, etc., poured into the cavity. Nothing 
as yet can be said regarding the ef&cacy of this method. 

[Boppe states * that in France, mining pit-props are immersed 
for about 24 hours in solutions of IJ lbs. per gallon (150 gr. 
to 1 liter) of sulphate of iron, or in wood-tar heated to a tem- 
perature of 278° F. (140° C.), in order to render them more 
durable. It is found that if the immersion is continued for 
a longer period, the wood becomes brittle, and that chloride 
of zinc, blue vitriol or creosote poisons the wood and renders 
it dangerous to the miners. — Tr.] 

Another plan is to place telegraph-posts in a glazed, burned 
clay tube filled with sand and tar; or cement and tar are 
poured round the base of the wood in the ground. 

W. Powell, of 6, Stanley Place, Liverpool, noticed that 
dry rot never occurs in the wood used in sugar-refineries, 
and in 1903 invented a process in which timber is saturated 
with a solution of sugar, and then the moisture evaporated 
rapidly by stoving at a high temperature. The process requires 
2 or 3 days only. Powell finds that this processed timber 
cannot be infected with dry rot. He experimented with 
paving blocks, 3 inches by 5 inches by 9 inches, of red pine, 
poplar, beech and red-gum, and found that they gained 
respectively 1 lb., ,5 lbs., 4 lbs, and J lb., their original 
weights being 4 lbs. 12 oza., 4 lbs. 11 ozs., 7 lbs. 7 ozs., and 
8 lbs. 13 ozs. ' 

As regards absorption of water, beech in a natural 
state absorbs 1 pint of water per block, but processed beech 


• ‘^Technologie Forestiere,” p. 97, 
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only i pint and less than half the amount of water 
absorbed by red-gum. As street paving-blocks absorb 
much ammonia and emit an offensive odour this process is 
a sanitary one, as well as affording superior durability from 
hardening. 

3. Suitability of different Wood for Injection. 


The species of woods are susceptible of impregnation in the 
following order 


Thoroughly. 

Partially. 

Slightly, or not at all. 

Bircb. 

A&pen. 

Heartwood of Oak. 

Hornbean. 

Alder. 

Larch. 

Beech. 

Ash. 

Mahogany, 

unil sa.pwo()d of all 

Elm. 

Teak. 

species. 

Lime. 

Silver-fir. 

Sprnce. 

Scots pine. 
Weymouth pine. 

Ebony. 

Red beech-wood. 


The question as to the comparative ease or diffieiilty with 
which a piece of w^ood can be injected and whether the injec- 
tion is thorough, or merely superficial, cannot as yet be 
answered satisfactorily. As a rule, a thorough injection is 
rare; in most cases the antiseptic liquid injects merely the 
sapwood and younger w^oody zones ; in the case of railway- 
sleepers which are injected pneumatically, it also passes into 
the two ends of the sleepers, whilst the heartwood in the centre 
is often only partially injected. There are, however, many 
modifications in the above condition of injected wood, accord- 
ing to the species of wood, its soundness or unsound ness, 
special anatomical structure and amount of contained resin, 
which differs greatly in individual cases. 

The more resinous a wood the less easily it is injected, and 
much resin in the wood may prevent injection entirely, as for 
mstance in pinewood ; it has not been ascertained whether 
Ihe different injecting processes affect matters in this respect. 

Beeehwood with reddish false heartwood (from trees over 100 
years old) is quite unsuitable for injection. It is not known yet 
whether variations in the specific gravity of the same wood 
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affect matters in this respect ; this question should be decided 
experimentally. 

4. Results of Injection. 

As regards the results of injecting railway^sleepers, it is 
evident that the locality, nature of the soil and wear-and-tear 
on a railway must be considered in judging their durability. 
The method of injection, the anatomical structure of the wood 
and whether the injected wood is used immediately after 
injection or is first kept some time in store, also affect its 
durability. 

As regards the methods of injection, the following are the 
results given by experience on German Railways : — 


Nature of autiseptie 
subetauc'C. 

Method of 


Life of sleeper in years. 


injecting. 

Oak. 

Scots pine. 

Beech. 

Spruee. , 

Chloride of zinc 

, Steam-pressure 

19— 2o 

22-8 

13— lo 

_ 


Immersion 

— 

— 

— 

(>'6 

Creosote 

Sulphate of copper ... 

Steam -pressure 
Hydrostatic 

19-5 


18 



pressure 

— 

1() 

— ' 

— 

r 

Immersion 


U 


9 -6 


Other investigations give the following data for the duratior 
of railway-sleepers ; — 


Species. 

Years. 

Per Cent, of 
sleepers useless. 

Beech, not injected 

. 5 

100 

„ with zinc chloride 

. 11 

50 

„ creosote 

. 17 

50 

Oak, not injected . 

. 13 

50 

,, zinc chloride . 

. 13 

28 

„ creosote 

. 13 

20 

Scots pine, not injected . 

. 12 

100 

,, ,, zinc chloride 

. 12 

23 

„ „ creosote 

. 12 

14 

In Elsass-Lothringen. 


Oak, not injected 

21 

52 

„ creosote 

21 

26'8 

Beech, creosote . 

21 

6-4 
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The greater durability of beech is due to the fact, that it 
absorbs more creosote than oak, but its injection is necessarily 
more costly. 

Thus with creosote : — 


Cost. 

d. 


An oak sleeper absorbs . 

22 lbs. 

1 

3 

A Scots-pine sleeper „ 

79 „ 

2 

4 

A beech sleeper „ 

79 „ 

2 

4 


So that including the cost of the wood, oak sleepers cost 4«. 
8r/. and beech sleepers 4«. 5f/. each. 

Injection with copper sulphate increases three-fold the 
(liirability of spruce and silver-fir. 

The l^'odon-Bretonneau method of seasoning wood by 
electricity was tried in London several years ago, but did not 
give satisfactory financial results. The system consists in 
placing the timber to be seasoned in a large tank and immers- 
ing all but an inch or two in a solution containing ten per cerit. 
of borax, five of resin, and three-quarter per cent, of carbonate 
of soda. The lead plate upon which it rests is connected with 
the positive pole of a dynamo, the negative pole being attached 
to a similar plate, arranged on its upper surface so as to give 
good electrical contact, and the circuit is completed through 
the wood. It is stated that under the influence of the current 
the sap appears to rise to the surface of the bath, while the 
aseptic borax and resin solution takes its place in the pores of 
the wood. This part of the process requires from five to eight 
hours for its completion, and then the wood is removed and 
dried either by artificial or natural means. In the latter case 
aoout a fortnight’s exposure in summer weather will complete 
the process. 


Section III. 

Alterino the Combustibility of Wood, etc. 

The combustibility of wood is increased always by drying 
Absolutely dry wood has the greatest heating-value. 
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When coniferous wood is dried slowly, the percentage of 
heat-giving rosin increases at the expense of the volatile 
turpentine. As regards the relative increase in heating-power 
by the carbonization of wood, see the next chapter. 

In order to reduce the combustibility of wood and produce 
so-called uninflammable wood, the following substances may be 
smeared on it, or injected. Lime-water, clay in a saturated 
potash solution painted on the wood in several coats. Alum, 
soluble-glass, five to six coatings. Wolframate of soda is 
effective, but costly. Hot solutions of green vitriol and iron. 
Kyaniscd wood also is said to be uninflammable. The best 
methods are, however, commercial secrets. 

[Wood processed by the TTon-mflammable Wood Syndicate, 
2, Army and Navy Mansions, Victoria Street, London, was tried 
recently on the site of the old Mill bank Prison and two con- 
structions erected of injected and unirijected wood ; all efforts 
to burn the former failed. The substance used is colourless 
and harmless, it does not rot, does not affect the strength of 
the wood, but adds slightly to its sp. weight. It is difficult to 
distinguish the wood which has been injected, which is to a 
large extent protected from being worm-eaten and from dry 
rot. The action of tools on the wood is not rendered 
more difficult. The wood is used extensively in America and 
Japan; also for the British Navy and South Kensington 
Museum.— Tr.] 

Artificial wood, boft and plastic substances resembling 
wood are in demand to fill in defective places in valuable wooden 
articles. The less valuable articles are filled in with putty. 
Instead of putty the following substances are used : glue, saw- 
dust and chalk, lime and flour, lime-water and soluble glass. 
Softened cellulose mixed with starch or flour can be wado 
into tabular shape, and in time becomes as hard as a bone. 
It may be pressed into shape between heated and embossing- 
presses. If a thin sheet of veneer is placed between the 
artificial wood and the press, the pressed article appears to be 
carved out of valuable wood. Caustic soda or rosin may be 
mixed with the preparation to increase its durability. 

Wood-wool under powerful compression yields a homo- 
geneous, rigid mass. Artificial kindling fuel is made of wood 
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shavings and resin, or coal-tar. Artificial wood is made of 
peat mixed with lime and sulphate of alumina in solution. 

C. CHANGES IN THE SUBSTANCE OF THE WOOD 
IN OBDER TO OBTAIN ITS CONSTITUENTS. 

Section I. — By Heat. 

The first chapter on the properties of wood explains the 
action of heat on wood. Where wood is burned and oxygen 
admitted freely, light, heat and gases (CO 2 and H 2 O) are 
produced ; combustion is maintained by the hydrocarbon 
gases, light by the glowing of the charcoal, and ashes form 
the residue. If the wood is burned without free admission of 
oxygen, it is said to he roasted with dry distillation, under 
which are preserved gases and carbon, with numerous other 
products of incomplete combustion, all empyreumatic sub- 
stances of great economic value. 

Although properly an account of these substances does not 
come under the direct activity of a forester, yet be should 
possess a general knowledge of the products of distillation of 
wood, as well as of all matters which hear on the sale and 
value of wood, the chief product of his calling. 

1. Distillation of Wood,'* 

The apparatus for distilling wood varies with the products 
to be obtained from it. If gas and volatile products are 
required, the wood should be roasted in vessels with open 
tubing from which those products can escape, in order to be 
received in a refrigerator, or to pass through it purified. 
Such apparatus consists of boilers, retorts and stoves. If 
heavy liquids and solids are the chief desiderata, the wood is 
usually piled' in large covered heaps, charcoal-kilns or pits. 

When wood is distilled in retorts or vessels, according to 
^'iolette, the decomposition of the wood begins at a tempera- 
ture of 160° C. ; the condensed vapours yield a yellowish, 
aromatic, bitter liquid. At 280° the weight of this liquid is 
^‘4/^ of the weight of the original wood ; products that are 

* J. Becsch “ Die Verwei'tung des Holzes auf chem. Wege,’' 2ad ed, 1893. 



5^6 


AUXILIARY FOREST INDUSTRIES. 


obtained between 150° and 280° are the most valuable, and 
are chiefly sebacic acids, such as formic, acetic, propionic, 
valerianic, caproic acids, then methyl -alcohol, carbonic acid 
and carbon monoxide. Between 280° and 360° chiefly carbo- 
hydrates are formed; they take up much space, as 1 cub. 
meter of wood yields 80 to 90 volumes of gas. The products 
of heating over 360° are dense carbohydrates (tars), such as 
benzol, toluol (methyl- benzene), carbolic acid, parafi&n, and 
the gases acetyl, ethyls, marsh-gas and hydrogen. By heating 
over 430°, there is a small volume of the above-named 
substances, whilst charcoal remains as a solid residual 
product. 

In every case, when quite pure, hydrated acetic acid is a 
colourless liquid, combustible, very caustic and with a strongly 
acid odour ; at 4° C. acetic acid becomes solid, but lignifies 
at 16° ; after absorbing water it loses its power of crystallisa- 
tion ; hydrated acetic acid is soluble in water, alcohol and 
ether. Wood yields 2 to 6% of its weight in pure acetic acid, 
which is used extensively for making vinegar. In wood- 
vinegar there is always some acetone, a combustible liquid 
in which oils, resin and gun-cotton are very soluble ; it is 
now used in the manufacture of smokeless powder. 

Pure methyl- alcohol or pyroligneous spirit is a colourless 
liquid, in which resin and ethereal oils are very soluble, so 
that it is highly important in preparing lacquers and varnishes; 
after further distillation pure methyl-alcohol is used for making 
tar dyes. 

The gas distilled from wood, 80 cubic meters from a stacked 
cubic meter, owing to admixtures of CO 2 and CO, requires 
purifying by means of lime. [In Prance charcoal is placed 
at the base of the retort in which the wood is distilled, and 
the gas passes through the charcoal into a reservoir. This 
is said to purify it sufficiently. — Tr.] According to Pettenkofer 
the volumes of illuminating wood-gas produced by distilling 
100 kilos (220 lbs.) of wood are : — 


Willow . 
Silver-fir . 


Cubic meterp, iiubic feet. 

. 38 1,330 

. 36 1,260 
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Cubic metei-s. 

Cubic feet. 

Birch 


. 35 

1,225 

Oak . 


. 34 

1,190 

Beech 


. 33 

1,155 

Spruce 


. 33 

1,155 

Larch 


. 32 

1,120 


Wood therefore yields times as much gas as does coal, 
aud the lighting power of wood-gas is to that of coal as 
118: 100. 

Broillard states (Rev. des E. et F. 1900) that Rich6, by 
passing out the wood-gas through glowing charcoal, has 
succeeded in obtaining from 350 to 400 cubic meters of gas 
from 100 kilos of wood. Any wood, coppice -shoots, etc., will 
do, and the apparatus is so simple that it can be set up in 
auy village or farm where there is plenty of refuse wood. 

Neutral (non-acid) tars are used for making dyes, for which 
hitherto chiefly coal-tar has been used. Acid tars (creosote 
aud carbolic acid) are powerful antiseptics. At ordinary 
temperatures solid naphthaline is a constituent and is a 
certain remedy against the clothes-moth, also paraffin, but 
the latter is obtained usually from raw petroleum. 

Charcoal is a residual product from distillation in stoves 
aud retorts, but is the chief product in the woods from char- 
coal-kilns and pits, whilst the gaseous and liquid products 
are then either neglected or only of secondary impoUance, 
III the following pages the process of charcoal-making will be 
described shortly. 

Section II. — Charcoal-Kiens.* 

A chareoal-kiln is a heap of firewood of a regular shape, 
^nd with a covering as effective as possible for keeping the 
fire inside the kiln and excluding atmospheric air. 

The shape is generally that of a paraboloid and only in 
pertain cases that of a horizontal prism. Wood may be piled 

kilns either vertically or horizontally, and as these methods 
of piling the wood, as well as the external form of the kiln, 

The best work on charcoal-kilns is v. Berg’s ^‘*\nleitung zum verkohlen des 
Sr^cd,, 1880. 
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give rise to considerable differences in the process of char, 
coal-making, vertical and horizontal kilns will be described 
separately. 

In vertical kilns, the wood is piled nearly vertically around 
stakes in the middle of the kiln, so that the latter assumes 
the shape of a paraboloid. Horizontal kilns are distinguished 
from the former kind by their prismatic shape and by the 
fact that the charcoal is removed from them gradually as the 
wood becomes carbonised. 

Although the comparison between these methods will follow 
at the end of the chapter, here it may be mentioned that the 
vertical arrangement of the wood is that followed usually, as 
experience shows that it gives the best results. A further 
distinction depends on whether the kilns are made in the 
forest and consequently in different places every year as the 
felling- areas change, near iron -furnaces and other works using 
charcoal, or in large kilns away from the forests. 

It is evident that in the last case greater care can be taken 
and better results will follow than when kilns are burned in 
the forest, frequently under very unfavourable conditions. In 
spite of this disadvantage, however, forest charcoal-kilns are. 
more economical, as will be seen hereafter. 

1. Paraboloidal Charcoal-kilns. 

Thejje are two methods of making charcoal that do not 
differ much from one another — they are the common method 
and the Alpine or Italian method. The former is practised all 
over Central and Western Europe, except parts of Styria, the 
Tyrol, Lower Austria and Lower Bavaria, 


(a) The Common Method of Charcoal-making. 

i. Wood used foi' Charcoal-making. 

Charcoal-making is a much more important industry m 
mountain-districts stocked with coniferous forest than 
broadleaved woods. Whilst in the latter— only the less 
valuable fire -wood, round billets from early thinnings and 
stump-wood are carbonised — in coniferous forests, frequently 
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the best class of firewood and even timber may be used for 
this piirpose, according to the demands of neighbouring works 
for cbarcoah 

Any species of wood may be carbonised, but the method 
employed varies with its density and greater or less combusti- 
bility. If two kinds of wood are placed in the same kiln one of 
which must remain some time burning in the kiln until the 
other is carbonised, the former might be burned to ashes 
before the latter can be removed. It is therefore advisable 
to pile only one species of wood at a time in a kiln ; if different 
species must for any reason be burned in the same kiln the 
precaution should be taken to restrict these to hardwoods or 
softwoods only, or to split the harder woods and place them 
in the centre of the kiln, where the heat is greatest. It is, 
however, always better to separate the woods, as charcoal made 
from different species is used for different purposes. 

As regards the comparative soundness and dryness of wood 
for charcoal-making, it is customary to use only sound air-dried 
wood, and not dead wood. Rotten wood is useless for the purpose, 
and must be excluded carefully. Carbonising broken billets is 
a difficult process, as the pieces continue to glow for a longtime 
and may set fire to the kiln during the removal of the charcoal. 

All wood for carbonisation should he spread out in dry parts 
of the felling-area or of landing depots until it is air- dry, in 
order that there may be the least possible waste of heat in 
driving off moisture from the wood. Only in very hot summers, 
or when the wood is highly resinous, is it advisable to use some- 
what green wood so that the process may not be too rapid, or 
else the workmen may not be able to keep the combustion of 
the wood well in hand. 

The shape and dimensions of the billets have considerable 
influence on the process of carbonisation. Although all parts 
of a kiln do not burn at the same rate, yet it is advisable to 
kave the billets as uniform in shape as possible. As a rule, 
fcefore, only one assortment of wood is used in a kiln ; only 
in cases of necessity, in very large kilns or in carbonising 
Scump-wood, should deviations from this rule be allowed. 
^00 of the chief points of difference between the (iommon 
’'ind Alpine methods of carbonisation is that, in] the former, 
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generally the wood is split and used in small pieces, large 
pieces of wood being used in the latter. 

The length of the billets may be either that usual for fire- 
wood, or a special length may be given to charcoal -billets (rarely 
exceeding 6 feet). The shorter the pieces the easier it is to give 
the kiln its requisite shape, and the less the cost of its con- 
struction. Excepting small round billets under ‘2J inches (7 cm.) 
thick, the wood should all be split; stump- wood also should, as 
far as possible, be split into small pieces. This is especially 
necessary for hroadleaved woods, which burn slowly. In order 
that the wood may be packed closely, all snags and uneven- 
nesses should be trimmed off, and fairly smooth, straight pieces 
set aside on the felling-area for charcoal-making. Ciooked 
and bent branchwood is used only in short pieces. In piling 
the kiln, besides the round and split billets, short little pieces 
of wood are used to fill interstices between the billets. 


ii. Shape and Size of Kilns. 


The usual shape of a kiln is that of a paraboloid, the volume 

of which is X ^ where d is the diameter and h the 
4 2 

height of the kiln; or, as it is easier to measure the girth than 

77 ll (f ]l (f h 

the diameter of completed kilns, '"2 ^ 4 ^ “2 “ 3“^ ~ 25’B* 


As, however, the shape of a kiln is usually not quite a para- 
boloid, but somewhat steeper and more pointed, 4 to G percent, 
may be deducted. Some useful tables* have been prepared 
for the cubic contents of kilns. It is easy to calculate the 
volume of a kiln whenever wood already stacked is used. 

Kilns vary greatly in size in different districts ; somelhues, 
as in the Spessart, Thuringia, etc., they contain only 400 to 700 
stacked cubic feet (12 to 20 st. cub. meters), whilst in the 
Harz they may be five times as large, and ten times as 
large in the Alps. In the common method a kiln of KOO 
to 1,400 st. cub. feet gives the best outturn and is easiest tc 
manage. 


* Bohmerle, “Tafeln zur Berechnung der Ktibicinhalte stehender Kohicn 
meiler.” Berlin, Paul Parey, 1877. 
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iii. Site for a Kihu 

Tho site for a kiln should be level, sheltered from winds, 
with water at hand, and either on the felling-area or close to 
it. Where several hundred stacks of firewood are to be car- 
bonised there should be room for several kilns close together 
to save the cost of transport. The nature of the ground below 
the kiln has considerable influence on its rate of burning ; if 
the soil is loose and porous it admits air to the interior of the 
kiln, which will burn rapidly and yield heating charcoal ; if 
the soil is heavy, the kiln will burn slowly and yield cold 
charcoal. A sandy loam is most suitable, as it allows a 
moderate inlet of air, being at the same time porous enough 
to absorb the moisture, which descends from a burning kiln. 
The soil should be of uniform nature under a kiln, in order 
that the inlet of air and the rate of carbonisation may be 
uniform throughout. 

A new site for a kiln is prepared as follows : the ground is 
freed from all sticks, roots and stones; the grass-sods are 
then dug up and the soil prepared as smoothly as for a 
garden-bed. The soil must be freed carefully from all stones 
likely to heat any part of the kiln excessively. The site 
is levelled, a stake driven in at its centre and a circular 
line traced as the boundary of the kiln. The centre is 
raised 8 to 12 inches (20 to 30 cm.), the higher the 
stiffev the soil and harder the wood, the site being made to 
slope off from the centre in all directions towards the external 
circular line. This arrangement is intended to increase the 
inward draught of air and allow the liquids from the burning 
kiln to drain away, also that the piled billets may stand on 
an edge and not on their section. The site is trampled 
down firmly and remains lying unused for some time, gene- 
I'ally during winter, in order to settle and allow for any 
improvement ' that may be required. Before piling the 
a heap of dry firewood should be burned on the site to 

<lry it, 

However carefully a new site may have been prepared, it 
18 always inferior to one used repeatedly for kilns. The loss 
of wood in using a new site may amount to from 10 to 17 or 

M m2 
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even 25 % (according to v. Berg). The reason for this is that 
charcoal dust mixed with earth gives the proper degree of 
porosity to the soil that is most advantageous for charcoal- 
making. The charcoal-burners, therefore, always prefer old 
sites for kilns, and changing a site is always disadvantageous. 

Although as far as possible suitable sites are chosen for 
kilns, yet in mountainous forests it is often necessary to make 
one on a slope, in a narrow gorge or other un favourable place. 
Then an excavation is made in the hill- side and an embank- 
ment formed downhill so as to secure a horizontal site. It is 
then better to support the lower side of the site by wattle- 
work, or logs may be piled on one. another and covered with 
earth to form the lower side of the site. Kilns made on sites 
like these always have a draught in one particular direction, 
which the burners must try to counteract by various devices 
whilst the kiln is burning. There must be round the kiln a 
clear space sufficiently large for the burners to w'ork in and 
affording room for the charcoal-burners to stack the wood, also 
for a hut and so on. 


iv. Erect ioH of (he Kiln, 

At the centre of the kiln is a flue, which is constructed of 
three or four stakes driven into the ground about one foot 
apart. They arc bound round with withes, forming a hollow 
shaft, which is filled with very dry, combustible firewood. Tlie 
way in which the latter is inserted depends on whether the 
kiln is to be kindled from above or below. In the latter case 
a dry board is placed under the flue to keep back the soil- 
moisture ; highly combustible fuel, such as pieces of resinous 
wood, shavings, birch -bark, etc., are then placed upon the 
board, the upper part of the flue being filled somewhat loosely 
with broken branches, half -burned bits of wood, shavings, etc. 
When the kiln is kindled from above, the flue is filled in the 
reverse manner. 

The flue once filled, finely split pieces of dry wood and 
partly carbonised billets are placed around it, the spaces 
between them being filled with wood- shavings, and then the 
regular kiln is constructed. This is done by piling two tiers 
of billets, the burner placing dry pieces of wood as closely as 
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possible round the shaft, with their split sides inwards, followed 
by larger pieces, so that at a distance of about half the radius 
of the kiln the thickest pieces, which burn most slowly, are 
placed, and smaller billets outside these, as shown in 
Fig. 311. After some progress has been made in the lower 



Fig. 311. — Section of charcoal-kiln. 


tier of billets, the upper tier is commenced and the two 
tiers continued together till the kiln has attained its full 
circumference. 

If the kiln is to be kindled from below, a kindling-passage 



Fig. 312,- 'Vertical kiln with snp]iortF;. 

IS left communicating with the flue ; this is effected by placing 
J>u the ground from the opening in the flue to the edge of the 
Jki a thick log, which is gradually drawn away during the 
P^bng of the lower tier, leaving a hollow passage. The billets 
Placed above this log should ’be somewhat shorter than the 
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rest, so as to secure a level surface to the lower tier. Tliig 
passage should be exposed always to windward, but is not 
required if the kiln is kindled from above. 

When the two tiers of billets are piled the top of the kiln 
is filled in, as shown in Fig. 311. For this, the wood, which 
should be composed of small dry pieces, is laid very obliquely 
or horizontally. AVhen the kiln is kindled from below, its 
whole top, including the Hue, is thus covered ; but when the 
kindling is effected from above, the flue runs through the top 
of the kiln. 

Although the burners endeavour in piling the billets to 
place them as vertically as possible, as they are piled with 
their thick ends downwards they become gradually inclined 
outwards, so that eventually the outside of the kiln acquires 
a slope of 60 degrees or 70 degrees. This slope is necessaiy 
to support the covering of the kiln, being greater or less 
according to the state of the weather: during summer, in 
dry weather, it cannot be so great as in damp weather, 
whenever the covering does not dry very rapidly, a steeper 
slope is .permissible. 

The charging of the kiln is completed by carefully stopping 
all openings and crevices with small split pieces of wood, in 
order to prevent too great a draught and save the covering 
from collapsing. 


V. Supporlinu and Covering the Kiln. 

The next step is to apply the covering, which should be as 
air-tight and fire-proof as possible. Two coverings are applied, 
termed the inner and outer coverings ; in order that they 
may not collapse they are supported by pieces of wood, termed 
the upper and lower supports. Every kiln requires at least 
the latter, wliich are formed of stout, short, forked pieces of 
wood driven into the ground all round the edge of the kili^J 
they may he replaced by a row of stones as big as one’s head, 
on which split billets are placed contiguously in a circle a few 
inches from the ground for the covering to rest on and to 
admit air to the kiln. In some districts iron Supports ai® 
used, shaped like circular segments with a prop at one end of 
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each piece ; these are placed all round the kiln and are very 
durable. 

The upper supports form a similar circle higher up the kiln, 
resting on vertical billets or forked pieces of wood ; they are 
placed in position after the kiln is covered. In some districts 
a third circle of supports is added, but that is not usual. 

The material used for the inner covering of the kiln con- 
sists of sods, leaves, moss, spruce or silver-fir branches, ferns, 
rushes, broom, heather, etc. Thin sods placed like tiles over- 
lapping one another form the densest covering, and leaves or 
silver-fir branches also afford a dense covering. The covering 
is applied first to the top of the kiln, and should be thick 
enough to prevent the earth of the outer covering from 
penetrating through it. 

The outer covering consists of a wet mixture of loamy 
forest soil and charcoal-dust, the remains of former kilns, for 
which fresh humus may be substituted. These substances 
should be mixed thoroughly with a hoe, freed from all stones, 
and water added to form a stiff paste, which must have suffi- 
cient consistency to serve as a dense coating to the kiln without 
becoming quite crusted by the heat, remaining soft enough 
during the burning to yield ^Yithout cracking to the gradual 
sinking of the kiln, and to allow the steam to escape. 

This paste is applied first at the foot of the kiln, then 
the upper row of supports are placed over it and the paste 
continued up to the top of the kiln, being applied more thickly 
there than below. The total thickness of the covering is 
0'7 m.at the base and 0‘3 m. at the top, somewhat less round 
the Hue. 

After the kiln is covered, a wind-break is placed around it 
at a sufficient distance to allow room for the men to manage 
the kiln ; it is made usually of coniferous branches at least 
as high as the kiln and fastened to stakes driven into the 
ground ; this may be dispensed with in thoroughly sheltered 
places. 


vi. Kindling and Bnrnmi the Kiln. 

If the Min is kindled from below, one of the burners applies 
a torch made of resinous wood-splinters through the kindling- 
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passage to the kindling material at the bottom of the flue, 
that is thus fired. When kindled from above a little fire is 
lighted at the top of the flue. The kiln is fired always on a 
still morning before daybreak, whilst its base is open mulei- 
the lower supports. If the fire has caught properly, first 
the flue and its contents are burned thoroughly, then the 
immediately adjoining wood, the fire rising to tbe top of the 
kiln. As soon as the dome becomes very hot, steam mingled 
with thick flocky smoke issues from it. At this period there 
is always more or less danger of bursting owing to the formation 
inside the kiln of an explosive mixture of air and combustible 
gases, or a sudden development of steam. Were such a mis- 
fortune to happen, the covering would be blown off and the 



Fig. 313, — Showing progress of carbonisation. 


arrangement of the wood disturbed. Too loose a soil under 
the kiln or too rapid burning may thus imperil matters, the 
risk of bursting being greater with dry than with slightly 
green wood. 

After a few hours, the smoke acquires a pungent odour, a 
sign that the wood is being decomposed and that carbonisa- 
tion is in progress. Charcoal is formed first in the dome of 
the kiln, proceeding downw^ards in a wedge (Thg. B13), and 
the latter sinks down, carrying with it the covering, which 
should adhere more or less firmly to it. If the car])onisiition 
proceeds properly, a flame should issue from the top of the 
chimney in the form of a symmetrical cone, widening-out 
more and more till flames protrude from the bise of 
kiln. 
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♦ vii. Mode of Conducting the Burning. 


The nortoal process of carbonisation just described cannot 
be secured always uninterruptedly. The draught is some- 
times greater in one particular direction and the kiln itself 
is seldom uniformly built or covered ; it may therefore settle 
down unsymnietrically or burn too quickly or too slowly. 
Charcoal-burners should know how to secure the kiln against 
those mishaps, and keep it burning in as normal a manner as 
possible. 

This is effected by the following procedure The fire should 
be led gradually from the top of the kiln to its base, so that 
the kiln may settle down symmetrically and without burning 
the charcoal. The space left open at the base of the kiln, 
that is subsequently closed, may be re-opened if more 
draught is required, and holes made in the upper part of the 
covering through which flames protrude, in order to regulate 
the burning. On the second or third day after kindling, the 
first lioles are made through both coverings dowm to the wood 
on the leeward side of the kiln. These are usually in two 
rows, somewhat below the flame at the top of the kiln. At 
first the smoke issuing from these holes contains steam, but 
the nearer the combustion approaches the holes, the clearer, 
JDorc pungent and pyroligneous it becomes ; when it finally 
turns blue, it denotes that the charcoal is burning. Before 
the smoke turns blue, therefore, the upper holes must be closed 
^vith paste by means of a flat shovel, and a fresh row opened 
below the lower row. If burning proceeds too rapidly on any 
side of the kiln, all vent-holes must be stopped, the covering 
thickened and water applied if necessary. 

by means of these simple arrangements, which require the 
burners’ close attention, the wood in the kiln is carbonised 


g'udually. When the carbonisation is nearly over, the fire is 
the base of the kiln ; holes are then opened there through 
^hich at length flames protrude, showing that the burning is 
^umpleted. The burners must be now on the watch to 
^^tinguish the fire at the right moment, and by applying 
paste watering the kiln prevent any cracking or 
ui sting of the covering. 
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During the kindling process, the shaft of the flue, 
especially in its upper part, burns completely and leaves a 
hollow space in the kiln. Hollows also may form in other parts 
of the kiln owing to a defective site, to bad piling, kindling or 
control of the burning, or to the wood being too damp. If these 
hollows were not filled, they would cause a draught and attract 
the fire, the normal course of the burning would be hindered 
and the yield of charcoal reduced. Owing to the continual 
increase in size of these hollows, the covering might at length 
fall in and the kiln burst into flames. All hollows must there- 
fore be filled promptly with short pieces of wood or large pieces 
of charcoal. 

The following method of filling hollows is adopted ; — When- 
ever the burners have noticed that owing to a marked collapse 
of the covering a hollow has been formed, and have placed tlie 
wood or charcoal required to fill it alongside the kihi, they 
should test the extent of the hollow by tapping the covering 
with a mallet. They then remove the covering over the hollow, 
press down the contents with a piece of wood and fill the hollow, 
covering it again rapidly with branches and paste, and heat 
the covering into a firm condition. All vent-holes should be 
stopped at least one hour before filling a hollow and for a 
whole day afterwards burning should be conducted without 
any holes in the kiln. The hollow made by the combustion of 
the chimney is filled on the first evening of the burning and 
often must be filled again on the second, third, fourth and 
even on the fifth evening. Often the top-filling is required 
several times on the same day ; in large kilns, as many as 
15 to 20 top- and side-fillings may he required during the 
burning and several more whilst the kiln is cooling. 

It is evident that filling hollows in a kiln must waste charcoal, 
as by opening the covering a draught is caused and the 
unduly stimulated ; charcoal is thus burned owing to the flames 
breaking out^ and in {pressing down the contents of tb® 
kiln some of the charcoal is broken into small pieces* 
Filling cannot, however, be dispensed with ; every endeavour 
should therefore be made to prevent the sides of the kiln froiu 
collapsing, and to reduce a number of indispensable filiingi^l^ 
a minimum. 
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viii. Watching and Cooling down the Kiln, 

Every evening during the burning of the kiln the burners 
should adopt proper measures to secure regularity in the 
burning- Places ^Yhere the charcoal is already burnt 
should be beaten down with a mallet, any fillings which 
may be required should be effected, cracks w^hieh may have 
opened in the covering should be carefully closed and all holes 
closed if the weather is stormy. Frequent inspection of the 
kiln at night is necessary. 

Towards the completion of the carbonisation, when the kiln 
has sunk considerably and the upper covering is very dry and 
cracked, it should be well beaten down and covered with damp 
earth, or watered, so as to exclude the air more and more. As 
soon as the lower covering burns and flames appear at the 
foot of the kiln, it is clear that the carbonisation is completed ; 
all vent-holes must then be stopped and the whole surface of 
the kiln covered with damp earth. The kiln is then left alone 
for about 24 hours. Then in order to hasten the cooling, the 
hiii’ners remove the covering in strips and apply fresh earth to 
the glowing charcoal so as to fill up all crevices. This 
extinguishes the fire rapidly, an important point when the 
weather is dry ; about 24 hours, as a rule, after this has been 
done, the charcoal may be removed. 


ix. Removal of the Charcoal. 

In order that the charcoal may be of good quality, it should 
uot remain longer than is necessary in the glow of the 
Idlu. At the same time it must be removed gradually, so as 
not to set the kiln in a blaze. A commencement is made in 
the evening and the work continued all night, wFen any fire 
may be seen more readily : each night only a certain quantity 
of the charcoal is removed, according to the sae of the kiln. 

I^he method adopted is as follows: — The burner, with a long- 
toothed iron fork, opens the kiln on the leeward side and 
I'emoves as much charcoal as he can without setting the kiln in 
tianies. The charcoal is laid on one side and usually watered, 
'vhilst the hole is filled with earth. Then the kiln is opened 
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at another place and so on all round, until there is nothing 
left but its centre, consisting of small pieces of charcoal, earth 
and ashes, which eventually are raked out and allowed to cool. 

Once the charcoal has been removed, it is sorted according 
to size, the small pieces being sifted from the ashes. What is 
left is mixed with the ashes, etc., and serves for covering the 
next kiln. The partly carbonised pieces may be kept for 
filling or kindling other kilns, or carbonised in small kilns 
made specially for the purpose. • 

(b) Alpine* Method of Charcoal-making. 

The method of charcoal-making employed in many })arts of 
the German Alps differs in some respects from the ordinary 
method. The Alpine kilns are usually in fixed places near 
river-booms, in timber-depots or at the base of an extensive 
mountainous tract. The wood thus carbonised is almost 
exclusively coniferous (chiefly sprueewood and less frequently 
that of larch and silver-fir) and generally in round pieces 
2 meters (6J feet) long. The site for the kiln is prepared as in 
the ordinary method, except that it is quite fiat, a wooden base 
being supplied to the kiln. 

The base is formed, as shown in Fig, 314, by placing split 
billets radially from the fine outwards, on them other pieces 
are placed sufficiently close together so that all the wood to bo 
carbonised can rest on them, but sufficient intervals are left 
for a draught of air. 

The flue is formed by three stout poles often kept in position 
by iron rings and is filled, as before, with kindling material. 
Piling the wood, on account of the size and weight of the pieces, 
is a heavy piece of work. The kiln is formed of two tiers, and a 
dome with two thin layers of wood, and is from 5 to 6 nieters 
(16 to 19 feet) high. The wood should be piled as closely as 
possible, all the larger interstices being filled with split wood. 
The kilns are usually larger than ordinary ones, but excessivelj 
large ones containing 1,500 to 2,000 cubic meters (50,000 to 
70,CM)0 cubic feet) are made no longer. 

• [.\Uo termed the Italian method, bnt Gayer states that usually Italiau- 
follow the ordinary method with kindling from above.— Tr.] 
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As the heavy pieces of wood can be piled only with 
ditiiculty on the base of the kiln, a kind of a wooden 
mniiway or slcdge-roud is constructed, on which the pieces 
can be brought to the kiln in trucks or sledges. As a rule 
the kindling is elTecied from above, and for this purpose a 
central cavity is arranged at the top of the kiln in which the 
flue terminates. When all the large pieces of wood are piled, 
the interstices are filled in carefully with small pieces of 
split wood. 

Alpine kilns usually are covered more thickly than common 



— Alpine kiln, a leprescnts a space left when kin<lling is 
.applied from below, as in S. Bavaria. 


kilns. Ordinary material, if found close at hand, is used for 
the first covering; usually, however, only a single covering 
ot mixed clay and humus is used, which must be spread very 
carefully over the wood. Special kinds of props also are used 
to support the sides of the kiln, which are at gradients of 
50 degrees or 70 degrees. These props are formed either as in 
ktg. 315, of planks (m) placed edgeways round the kiln, having 
niches cut into them at half their length, on which horizontal 
planks (?i) rest to support the covering {dd), or stout T-shaped 


props are used as in Fig. 316. 

1 he covering is plastered on to the base of the kiln first, 
on the lower props are applied and the plastering continued 
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till the upper props are required ; then the dome is com- 
pletely plastered, though at first only thinly so as to allow 
the gases to escape. 

The kiln is kindled by filling lightly the still open flue with 
short thin pieces of split wood, on which comes a layer of 
glowing charcoal. As soou 
as the kindling material bus 
thoroughly caught fire, fresh 
charcoal is from time to time 
heaped on. The split wood 
which for a time supports the 
charcoal burns completely, 
and the glowing charcoal falls 
to the bottom of the flue. 
The flue is then filled with 
charcoal, which is pressed 
down, and the kindling cavity 
also filled with a heap of charcoal. After a few hours 
the flue is burned through from below, and must be 
repeatedly filled, as long as the glowing charcoal con- 
tinues to sink. When all danger of explosion is over ami 




Fig. 316.— Prop supports of Alpine kiln. 

the wood in the dome is thoroughly kindled, it is eoveied 
with paste, and the burning conducted henceforth as « 

ordinary kilns. i 

In Alpine kilns the filling which has just been descrioe^ 
must be most carefully conducted; as a rule, only chaicoa i 
used for the purpose. 



Fig. 315.— Plank- sup ports o£ 
Alpine kiln. 
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The Alpine method then differs from the ordinary method 
of burning kilns in the following points : — 

(i) The large dimensions of the pieces of wood to be carbonised 
and the fact that usually they are not split. 

(ii) The wooden base of the kiln to cause a draught of air, 
which i^ required owing to the large pieces of usually green 
wood which arc being carbonised. 

(iii) The large dimensions of the kilns. 

(iv) Only one covering being applied to the kilns, that is 
usually thick and requires special supports. 

(v) By the special mode of kindling, which is usually, though 
not always, from above. 

2. Kilns icith Wood piled Horizontally. 

In Sweden and Austria, wood to he carbonised is piled 
horizontally, but the practice is becoming less frequent than 
was formerly the ease. The following are the chief points of 
difference between this and the ordinary method. 

(i) The wood carbonised is chiefly coniferous ; the pieces are 
round logs, barked if possible, and of various dimensions up to 
20 feet or (in Sweden) 26 feet in length. The pieces of wood 
must be quite straight, or they could not bo piled densely. As 
such large pieces may he used for timber, the method is 
employed only in localities where the timber of the species in 
question is unsaleable. 

(ii) The site chosen for the kiln is usually on slightly 
inclined ground, but otherwise of a nature similar to that 
described for ordinary kilns. It is also prepared similarly, but 
eften is merely levelled, covered with earth and firmly beaten 
down. 

The size of the kiln also should be considered, its breadth 
keiiig the length of the pieces of wood and its length varying 
(usually 13 to 20 feet, but often 25 to 40 feet, and even, accord- 
to v. Berg, 60 feet). The site should be a long rectangle, 
the longer side of which has a slight gradient. 

(hi) In piling the wood, the first point is to make the base of 
the kiln ; it consists of three long straight poles which are 
Phiced on the ground at equal intervals, lengthways as regards 
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the kilns (Fig. 317, m m). At the lower end of the kiln stout 
stakes are driven into the ground (Figs. 317, 318, p p p), and 
the piling commences against these stakes. As in the figures, 
the thickest wood is placed in the jniddle of the kiln and ,near 



Fijj. 318.— Horizontal kiln. 


formed, as may be seen from Fig. 317, a, by placing several logs 
around a cylindrical hole running from side to side of the kiln- 
or as in Fig. 318, a, a kindling chamber is left open, as is 
customary in Steiermark. 

(iv) The kiln is now covered ; the inner covering is usually 
spruce or silver-fir twigs, the lower ends of which are stuck into 
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the wood so that they overlap one another like tiles. The outer 
covering consists of a paste similar to that used in ordinary 
kilns, or the same mixed with damp earth, 

In order that this paste may adhere to the vertical walls of 
the kiln, the latter are supported by poles placed 6 to 8 inches 
apart along the two sides of the kiln, audits front (Fig. 819), or 
in Steiermark the whole kiln, is surrounded by planks (Fig, 318) 
resting on horizontal logs (ti n Fig. 319), to secure a draught 
of air. The paste is applied between these planks and the 
ends of the logs, and is rammed down. The back of the kiln 
is, in Sweden, supported by props {c c c, Fig. 317). The roof is 



Fiir, 319 , — Biick wall of a horizontal kiln. 


at first only thin, and is thickened after the kiln has been fired, 
when there is no longer any danger of its bursting. 

(v) In order to fire the kiln, the kindling flue, or chamber, is 
filled with readily combustible material, the filling being con- 
tinued with an open flue until the kiln is thoroughly alight. The 
whole front portion of the kiln must burn if the fire is to con- 
tinue uniformly throughout. Once this has been secured the 
kindling flue, or chamber, may be closed, and the combustion 
continued by opening successive vent-holes in the roof (in Steier- 
uiark also in the sides of the kiln), as in the ordinary method. 

Carbonisation proceeds obliquely backwards, the fire being 
always more advanced towards the roof than at the base of 
the kiln. Thus the base of the back of the kiln is the last to 
he carbonised, and the process is completed as soon as flames 
emerge from ventholes there. The charcoal is cooled by 
,F.U. N N 
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removing part of the roof and putting earth on it, the walls 
not being opened. 

(vi) The charcoal is removed first from the front of the 
kiln. A portion is removed daily, and the kiln closed again. 

In Steiermark, a commencement is made by removing the 
charcoal whilst the back of the kiln is still burning. As the 
front part of the kiln burns longest and the charcoal there 
becomes light, attempts are made to prevent this by its early 
removal. It should, however, be remembered that this frequent 
opening increases the draught, and must cause a considerable 
loss of charcoal. 

3. Pit' kilns. 

Charcoal-making in pits is the roughest and least productive 
method. A round pit with sloping sides is dug in ground 
sufficiently firm for the purpose, to a depth of about a meter, 
and is filled with dry brushwood. This is kindled and remains 
burning openly until the smoke ceases and the glowing embers 
remain ; these are then pressed together, the wood being 
placed in the pit and left to burn till the smoke has ceased. 
Presh wood is then thrown in at repeated intervals until the 
pit is full. Then the pit is covered with sods and earth, and 
the charcoal allowed time to cool ; the pit can be opened in 
1 to 2 days for removal of the charcoal. Such a method is 
justifiable only when wood has hardly any value, as almost free 
admission of air is involved. If the pit is dug on a little hill 
or on a gentle mountain- slope so that a channel from it leads 
out to the lowest part of the ground, the liquid products of 
distillation (tar) can be secured. Similarly tar may be col- 
lected from ordinary kilns if pits are dug below the kiln, as in 
Russia. Kilns may be surrounded also by masonry, as in 
lime-kilns, so that both charcoal and tar may be obtained. 

4. Yield of Charcoal. 

In discussing the quantity of charcoal which a certain vohinie 
of wood may be made to yield, the following points should be 
considered : — the kind of wood, situation of kiln, state of 
weather, process and duration of burning, and different 
methods qf carbonisation. 
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(a) Kind of wood.— All wood being converted into charcoal 
naturally shrinks. Dry wood shrinks less than green wood, 
and consequently gives a larger return. Large pieces of wood 
also yield in volume more charcoal than small pieces, as more 
of the former can be, piled in a kiln. 

(b) Sitiiation of kiln. — The nature of the site of a kiln has 
an important effect on the yield of charcoal, a new site yielding 
less than one repeatedly used. 

(c) State of the weather.— The weather has important 
effects on the yield of a kiln. Uniformly still weather, which 
occurs frequently in late summer and autumn, is best ; change- 
able weather, accompanied by storms, is most unfavourable. 

(d) Process of burning, — Slow, careful progress, especially 
during the earlier part of the burning, not only yields heavier 
charcoal, but also a larger volume of it. 

(e) Duration of the burning. — The length of time during 
which a kiln should burn is very variable and depends on its 
size, on the dimensions and degree of dryness of the billets, the 
quicker or slower action of the fire (according to the site, 
arrangement of the wood, weather, etc.) and many other 
circumstances. Small kilns of sprucewood containing 700 to 

1.000 stacked cubic feet are carbonised in b to 8 days, beech- 
wood in somewhat less time. Large kilns containing 3,500 to 

7.000 cubic feet, in favourable weather, require about 4 weeks 
to burn, and in unfavourable weather, 5 to 0 weeks. 

({) Methods of carbonisation. — It is difficult in practice to 
decide which method gives the best outturn, as there are so 
many intervening facts. It appears, however, that the common 
method, with kindling from below, gives the best results. The 
comparative outturn of charcoal in quantity and quality 
depends greatly on the skill and foresight of the burners, 
which is really the most important of all factors, as experience 
shows in the case of permanent sites of kilns where the burners 
frequently changed. 

(g) General results.— Charcoal may be measured by weight 

volume, the latter being more frequent and large baskets or 
rectangular measures being used for the purpose. 

Coniferous wood yields more charcoal than broadleaved 
species; soft, broadleaved woods less than coniferous wood, 

N N 2 
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but more than hardwood. Braiichwood and wood in the round 
yield less than split wood. Thus the yield of charcoal is 
inversely proportional to the sp. w^eight of the wood, as 
heavy w'ood shrinks more than liglit wood. The yield hy 
weight is directly proportional to the sp. weight of the 
wood. 

The average yield from forest kilns may be considered 
good for broadleaved wood with 50%, and for coniferous wood 
60%, by volume. The yield by weight is about 25% for all 
wood. 

Yon Berg,* from average conditions of all intervening 
factors and after comparing large quantities of wood, gives 
the following percentages: — 


Species of W'ood, 

Vt^lunie. 

Weight, 

Beech or oak (split billets) 

02—56 

20 22 

Birch „ „ 

65—68 

20-21 

Scots piuc „ „ 

60 61 

22-25 

Spruce „ „ 

65—75 

i 2:1—26 

„ (stump-wooel) 

50 — <>5 

, 21—25 

„ (round billets) i 

42—50 

; 20-21 

1 „ (small braiichwood) 

38-48 

! 19-22 


Beschovent gives the following results of his researches in 
Eisleben, in percentages : — 


Species. 

Vohinie. Weight. 

Oak 

Beech 

1 Hornbeam 

Birch 

Scots pine 

71'8 2i:i 

n n'l 

57-2 1 20-6 

68-5 1 20-9 

63’6 ! 25 


5. Assortment 

Charcoal is classified as soon as it is taken from the kiln, 
according to the species of wood. of which it is made, aiul 
also according to the size of the pieces. The smaller pieces 

* “ Anleituug zum Verkolilen des Holzes.” 
t Giathe, Brenaiuateiialien.’’ 
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are sifted from tbe refuse dust and sold separately, while 
pieces that are not sufficiently charred are set aside for a fresh 
kiln, or are charred again at once in small kilns. 


6. Properties of Charcoal 


Good charcoal has a heating po^Yer of 7,000 to 8,000 calories, 
approaching that of pure carbon. Its composition is as 
follows : — 


Carbon . 
Hydrogen 
Oxygen . 
Hydroscopic water 
Ashes 


75-80 % 
1-5— 2-5 „ 
8-12 „ 
6-12 „ 
1-2-5 „ 


Violette has shown that the (juantity of carbon in charcoal 
is lower, the greater the heat of combustion. Charcoal has a 
higher heating-power, the heavier it is and the heavier the 
wood from which it is made ; while the highel* the temperature 
at which it is burned the lowxr is its sp. weight. Violette 
therefore assigned to charcoal of elder-wood : — 


At 350° a sp. weight of 150 
„ 1,025° „ „ 184 

„ 1,500° „ „ 187 

On the average the sp. weight of charcoal varies from 140 
to 200, that of water being 100. 

The sp. weight of charcoal in pieces, with numerous air 
interstices, according to Hassenfratz is ; — 


Birch 

. 20*3 

Ash . 

. 20*0 

Beech 

. 18*7 

Hornbeam . 

. 18*3 

Elm . 

. 18*0 

Spruce 

. 17*6 

Oak . 

. 15*5 


According to Mayr’s researches, the sp. weight of the best 
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Japanese charcoal serrata) is 82*9 ; of beech char- 

coal, 38*5 ; spruce, 31*5 ; boxwood, 81*7. Hassenfratz’s 
figures are too low. Good charcoal should be bluish black, 
with an oily lustre ; it should not split, but have a conchoklal 
fracture, should have a metallic ring when struck, and exhibit 
clearly the structure of the wood. It should be hard and 
without taste or colour, burn with a short, blue flame, without 
smoke or odour, without crackling or emitting sparks. Good 
charcoal is highly absorptive of gases ; beech charcoal absorbs 
35 times its volume of CO 2 , 90 times its volume of ammonia. 
Charcoal is antiseptic, it prevents a mouldy scent and hinders 
decomposition ; it has an immense durability. 

Section III.— The Combustion of Wood. 

As regards the utilisation of the combustion of wood 
for heating purposes, this is dealt with in the next chapter on 
the industrial uses of wood ; here, changes in the substance 
of wood by combustion in order to obtain useful materials 
from soot and ashes are considered. 

Lampblack is prepared chiefly where there are supplies 
of resinous conifers used for making turpentine and rosin. 
The residue after making oil of turpentine and the resinous 
roots of pines supply the raw material, which is burned with 
admission of oxygen sufficient to maintain a weak, reddish, 
smoky flame. The soot is collected from the smoke in 
chambers covered internally with wool. Lampblack is 
obtained also from coal-tar. 

Aahea, manure- ash and potash \Yere obtained formerly, 
when wood was without any value, by burning the wood 
with complete exposure to the air. Such a practice is now 
confined to remote forests only. But in modern artificial 
forests there is still much unsaleable material from which 
ashes may be obtained profitably. Branch- wood and top^and- 
lop, the almost ^Yorthless materials from cleanings and early 
thinnings, rotten wood and stump-YYood attacked by fungi is best 
burned, so that it may not increase danger to the forest from 
insects, fungi and fires. The ashes thus obtained are rich m 
potash, and when mixed with humus supply splendid garden* 
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manure. Ashes when freed from earth and pieces of charcoal 
yield the following percentages of potash : — 

Silver-fir 39*9 

Oak 33-3 

Beech 28*6 

Birch 23*6 

Larch 23*6 

Spruce 19*7 

Scots pine 14*3 

By washing the ashes, boiling the solution so as to evaporate 
the water and heating the residue, potash is obtained. 

Section IV. — Chemical Agencies for Obtaining the 
Constituents of Wood. 

(a) Cellulose.— Cellulose is employed chiefly for making 
into paper. Paper-pulp obtained from wood is not only 
cheaper than that prepared from rags, but gives clearer print 
and wears away the type less. On the other hand paper that 
contains much wood-pulp soon becomes brittle and yellowish ; 
hence much of the paper made from wood is useless after 
about tea years, and it cannot bo used for important docn- 
nients. Uiimixed wood-pulp is, therefore, used chiefly for 
pasteboard, packing paper and the c^rser kinds of paper. 
For superior paper some rag-pulp must be mixed with wood- 
pulp. Nevertheless, the amount of rag-pnlp used depends 
essentially on the process employed in making wood-pulp, 
and good wood-cellulose is considered as an alternative for 
rags. 

The wood of aspen and lime are preferred for paper-pulp, 
but as they are quite insufficient for the demand for this 
material, coniferous wood is used, chiefly that of spruce. 
Besides these woods those of poplar and birch, and in 
America those of Liriodendron and Weymouth pine, are 
employed. Poles and logs of 10 to 30 cm. (4 inches to 
12 inches) in diameter, prepared as for firewood billets, were 
usually chosen. At present wood of larger dimensions is 
employed, as the cost of transport, etc., is considerably less 
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than for small pieces. The wood should be free from knots 
and perfectly sound ; half dead and dead wood from thinnings 
is rejected. Peeled round pieces 10 to 80 cm. in diameter 
and 2 to 4 m. long are stacked in cords for pulp- wood. 

The present enormous demand for wood-pulp is one of the 
chief causes of the clearance of numerous private woodlands, 
as wood of moderate dimensions is quite suitable. In Saxony 
60% of the total timber-supply was used in 1902 for paper- 
pulp. In North America (1900—3) 200,000 acres of forest 
were cleared for wood-pulp, in order to supply 210 paper 
factories. By far the greatest supply of paper-pulp comes 
now from the extensive coniferous forests of Canada, and is 
more and more threatening to German trade. 

As has been explained on p. 79, the walls of wood-fibres 
are. formed chiefly of cellulose and lignin, with gum, tannin, 
coniforin, etc. In order to separate the cellulose from these 
substances, the wood is macerated and the lignin, gums, etc., 
separated as incr Listing material ’’ from the pure cellulose. 
Various acids, such as nitric acid and mixtures of nitric and 
hydrochloric acid are used ; but independently of the great 
cost of these acids— for they can he employed only once - this 
combination with cellulose is caustic and emits poisonous 
gases. 

The treatment with nitric acid attacks the cellulose and 
converts it into sug^, which may be neutralised with lime 
and made into alcohoIT At Bex,* in Switzerland, 1 cubic meter 
(85 cubic feet) of silver-fir wood yields 100 kilos (220 lbs.) 
of unbleached and 70 kilos of bleached cellulose. 

Caustic alkalis also dissolve the incrusting substances and 
saponify the resin ; they have the great advantage of being 
utilisable several times for maceration. Of these alkalis 
caustic soda is the most important ; it is prepared from soda 
by the addition of lime. 

In preparing cellulose by means of caustic soda, the wood, 
freed from bark, knots, etc., is cut in an oblique direction to 
its length into pieces about 2 era. thick ; they are ground into 
^splinters between fluted rollers, working as in a large coffee- 
grinder, that are 2 cm. long and 5 and 8 mm. thick. These 
• Persch, “ Die Verwertung des Holzes anf cliemjschen Wege,” 189!I. 
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splinters are placed in sheet tin perforated vessels that are 
put into a fixed horizontal boiler. When the boiler is full 
of these vessels, it is hermetically closed, pumped full of a 
solution of soda, and boiled under pressure of 10 ats. by 
means of a fire kindled below it. After 3 to 4 hours the boiler 
is emptied. The raw cellulose thus obtained is washed, refined, 
bleached, and pressed successively by several drying rollers, 
coming out in the form of felt. From 75 to 80% of the 
solution can he used again. This solution is known in the 
trade as “ soda-cellulose.” 

More recently this soda process is being abandoned for that 
of preparing cellulose by means of sulphuric acid, which is 
brought into contact with the wood splinters in the form of a 
solution of calcium sulphate. In this method, introduced into 
Germany by Mitscherlich, the splintered wood is placed in 
large boilers and steamed, then the solution of calcium sulphate 
is admitted and boiled with a pressure of to 5 ats. for 50 to 
60 hours. The solution comes from tall towers filled with 
lime, through which sulphurous acid from burning sulphur 
passes while water trickles in from above. The solution of 
calcium sulphate is collected in reservoirs below. The material 
coming from the boiler is in reddish-yellow soft pieces, that 
are pounded, washed, passed through sieves, and pressed into 
felt by rollers. 

Cellulose made by both the above processes is used partly 
for paper-making, partly for wood-pulp (p. 501). There are 
m Germany 600 cellulose factories using annually 1^ millions 
of cubic meters of wood. 

Kellner’s electrical process for preparing cellulose con- 
sists in boiling the wood with solutions, chiefly of salt, 
at the same lime passing an electric current through it. 
This separates the incrusting material from the cellulose. 
It cannot be denied that there is now in Germany an over- 
production of wood-pulp, that is increased by the competition 
of Ainerica and Asia. 

The following articles are made of cellulose Ornamental 
rolief-work in small pieces for artistic furniture and picture- 
frames ; also entire pieces of furniture, the seats of chairs, 
^asks, buckets, tubs, laboratory and cooking utensils, etc,; 
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even boats, hollow beams for huts, underground tubes for 
telephone wires, frames for doors and windows, oars, etc. 
The spokes of railway-carriage wheels are replaced by fin. 
ings with compressed cellulose. Antiseptic wood-cellulose of 
silver-fir is used for binding w'ounds. Cellulose is used for 
floor-cloth and oil-cloth, for packing material specially used 
for the despatch of gunpowder, and for many other purposes. 
It is also used for insulating electric conductors, and experi- 
ments have been made to prepare gun-cotton from cellulose. 
Silk is also made from cellulose. 

Chardonnel and Lehnert have a patent for converting 
sulphite-cellulose made of sprucewood into nitro-celliilose l)y 
treating it with nitric acid. It then resembles collodion and 
is drawn through fine glass tubes, which press it into 
extremely fine threads ; 12 to 14 of these threads are 
spun into a silk thread. The danger of an explosion is 
avoided by denitrifying the collodion. This artificial silk is 
even more lustrous than natural silk and can be djed readily. 
Most of the cheap silk goods now in the market arc made of 
artificial silk. 

A watery solution of cellulose in combination with soda ami 
carbon-bisulphide is named viscose and used as a substitute 
for glue ; when this is heated a hard amorphous substance is 
produced, viscoid, which in various colours is used instead of 
costly celluloid. True celluloid is produced by heating and 
pressing nitro-cellulose and camphor; this transparent sub- 
stance is used as a substitute for tortoise-shell, ivory, 
caoutchouc, etc., or for counterfeiting these substances. 
Celluloid may be rendered uninflammable, and is then called 
pegamoid. 

(b) Sugar and Alcohol. — As cellulose has the same 
chemical composition as starch it has been proposed to manu- 
facture from it sugar and alcohol. The wood in small pieces, 
wood-pulp or saw^dust, is acted on by acids and boiled for 
some time under pressure in order to convert it into sugar 
and by means of diastase to ferment it into alcohol. Althougb 
no successful results are known to have been obtained, 
appears as if a great transformation in the manufacture 
of alcohol will result and that inferior wood-assortment*^ 
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^ill thus become valuable. Ydarek* gives the following 
table : 


100 Kilos of Wood. 

Litres of Alcohol, 

Cn. HI. 

Litres of Alcohol. 

Spruce ... 

,5 to 6-r> 

1 

50 

Silver-fir 

4-5 

— 

— 

Beech 

2-5 

1 

40 

I’edu ncu late oak 

— 

1 

47-1 

Sessile oak 

— 

1 

501 


Siraonsen found that cellulose yields 42’ 7 per cent., saw- 
dust 22‘5 per cent., of sugar. The cellulose in wood is con- 
verted into sugar more easily than isolated cellulose; 100 
kilos of sawdust yield 6'5 kilos of pure alcohol. 

(c) Oxalic Aeidf is prepared from wood. For this any 
minute pieces of wood, such as sawdust, is suitable. Owing 
to the extensive use of oxalic acid in dyes and in calico- 
printing, its preparation forms an important industry. 

The sawdust is mixed with a double solution of caustic 
lime and caustic soda and is heated up to 240° in shallow 
vessels. The resulting greenish-yellow mass is mixed in the 
water in which oxalate of soda remains dissolved until the 
water is cooled ; the salt is precipitated by sulphuric acid in 
the form of gypsum and oxalic acid. 

[(d) Bamboo-fibre.— Mr. J. H. Owden states that fine 
bamboo fibres are prepared in the West Indies, which, spun 
with wool in the ratio of 1 ; 2, yield very strong cloth. 
Bamboo-fibre is also used as paper-pulp, and for packing the 
axle-boxes of American railway-carriages.— Tr.] 

* “ Austrian F. u. Jagdzeiting." 1900. 

t Hei'sch ascribes tbe success of their industry chiefly to Dr. Thorn, 
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INDUSTRIAL USES OP WOOD. 

There are few raw materials which possess such extensive 
powers of adaptaj)ility and are so largely used for industrial 
purposes as wood. A casual inspection of the interior of anv 
building is sufficient to convince one of this. 

Wood may be classified according to the manner in which it 
is used, as timber and firewood. In timber the species and 
the chemical and physical properties of the wood decide the 
purpose for which it can be used ; as regards firewood, how- 
ever, the wood is used only indirectly in order to utilise the 
heat produced by burning it. The discussion of the proper- 
ties of wood for the various industries in Chapter L renders 
further remarks on them unnecessary here. It is also 
evident, that in the forestry of the twentieth century not fire- 
wood, but timber, must be the chief object of produclion, for 
timber unfit for any other purpose may be used for fuel, but 
mere firewood cannot be used generally as timber. 

Subdivision I, — Timber. 

Section I. — The Different Classes of CoNVERXpm 
1. General Account. 

The demands on timber are as varied as the kinds of timher 
available. In considering merely the woods used in the con- 
struction of buildings, furniture, implements, tools, and the 
innumerable articles of convenience, art and comfort, it ^viil 
be perceived readily that nearly every object requires a special 
kind of wood. If, therefore, a forest is to be worked inten- 
sively, so as to yield the highest possible revenue, it should 
produce wood which may be used to the greatest advantage, 
or, in other words, which is most valuable. In order that the 
pToduce of a forest may be of this nature, the forester should 
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possess a thorough knowledge of the special requirements of 
industries using wood, which is too much to expect from him. 
lo a certain extent, however, this knowledge is indispen- 
sable, especially as regards those industries which obtain 
their wood directly from the forest, and require it in large 
quantities. 

It is true that iron competes more and more with wood for 
certain purposes — as for shipbuilding, agricultural implements, 
water-pipes, telegraph-posts and railway-sleepers, where it has 
been substituted largely for wood; in mines, iron rails and 
props are used ; in the construction of large bridges, woodwork 
is entirely dispensed with, and iron instead of wooden pillars 
are used where vertical support is required to a building. 
Even in numerous small articles iron has been substituted for 
^Yood. Yet with the constant increase in human require- 
ments, hundreds of new uses for wood are found, and there- 
fore the demands for high-class timber increase constantly 
whilst the area of the forests decreases, so that the supply of 
tliis valuable material tends to diminish. * 

The timber required for various industrial purposes does 
not in many cases pass directly from the woodman to the 
artisan, but generally through the intervention of a middle- 
man, the timber-merchant, who converts rough timber into 
pieces of dimensions suitable for the requirements of the 
various industries. In this intermediate state it is termed 
coaverted or marketable timber. 

Timber may be classified according to its form, adaptability, 
and mode of conversion, and this classification naturally pre- 
cedes the account of the different wood-industries. Thus, logs 
i^ay be distinguished from sawn, or cloven timber. 


2. Logs, 

Logs are pieces of timber which retain the full thickness of 
stem, but may be more or less shortened. They are 

[a paper was written in the “ Uevne ties Kaiix et i'^orets,” December, 18y4, 
Offiiiir that in Britain, whilst the production of iron is as great as in all the 
1^8 imports of timber have risen, between IStiO and 181)0, by 

^ per cent. As regards the timber-supply from forests in the United States, 
• Kellogg^ “The Drain upon the Forests,” U.S. Dep. of Agri., Novem- 
so, 1907, says that it is probably three times the annual iucreiueut.— Tr.] 
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distinguished further as round logs, and balks which have 
been squared, or are of rough prismatic shape and are then 
termed sided timber. 

(a) Thus, timber in the round is the part of a stem which 
has been merely barked, and may be used directly as piles, 
masts and spars, wheel -hubs, scaffolding-poles, pillars, anvil- 
stocks, telegraph-posts, hop-poles, or, when bored, for water- 
pipes. 

(b) Balks are used as beams in the construction of houses, 
bridges or ships, being logs squared roughly either with the 
axe or saw. If not quite square they are termed waney 
(Fig. 320, 0, p, q, ^ wanes being the natural surface 



Fig. 320 .— bog with bark, balks 
without bark. 



Fig. 321, -Half -balk. 


of the timber, and panes the flat, hewn or sawn surfaces from 
which side-pieces have been removed. In the case of uane)' 
balks, for which rarely more than two-thirds of the trunk 
utilised, the waste is about 12 to 15 per cent, of the Mo, 
while, when the timber is square, the loss is about P 

cent. . -1 

Boles about 60 feet long and of about 8i ®. , 

diameter, corresponding to 12 inches diameter cl^s 
m feet from the ground), are commonly used for balks. 

(c) Round oakwood is sometimes split through the cen ^ 
into half-balks, with a section as shown in Fig. 321. 
haU-balka are met with in the Baltic oak-trade, and in theca 
of oak from the Spessart, they are used in eabinet-ma o 
and joiners’ work. 
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Quarter-balks {hois de qaartier) are produced commonly in 
France by sawing two cuts at right angles to one another 
through the heart of a tree. 

3. Sawn Timber. 

[Various methods of sawing timber are shown in Figs. 322 
to 325, the best sawn pieces being obtained by cutting as much 



Fig. 324. Fig, 325. 

Methods of sawing, after Boppe. 


possible in the direction of the medullary rays, as wood has 
^ better appearance (silver-grain), and stands friction better 
•II this way. — Tr.] 

ocantling, battens and planking, comprise the different 
ornis of timber after the stem has received several saw-cuts 
^^ngthwise. Naturally, in these forms of converted timber 
I® full diameter of the stem is no longer retained, except 
Ohietinies in one direction, and the length of the pieces is 
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generally of greater importance than their breadth ; it is chiefly 
large trees (16 inches and more in mid-diameter) which are 
most usually converted into planks and scantling, and the 
following kinds are commonly known in the timber-trade 


(a) Pieces square, or nearly so, in Section. (Fig. 326.) 

i. Scantlings may be 8 to 20 feet long, and in section 
2 inches by 2 inches, 2^ inches by 2J inches, 3 inches by 

3 inches, 8 inches by 4 inches, 3 inches 
by 5 inches, 4 inches by 4 inches, 4 inches 
by 5 inches, 5 inches by 5 inches, and 
5^ inches by 6 inches ; they are sawn from 
Fig. 326 .— Scantimgb, beams, of 2 to 6 inches mid- 

diameter and 8 to 20 feet long, also from planks. They are 
used for supporting floors and roofs, for door-posts, gates, etc. 

ii. Laths are made by sawing up planks, and are generally 
less than 2 inches thick, from 10 to 20 feet long, their usual 
dimensions are | inch to 1^ inches thick, and IJ inches to 
2 inches wide. They are used in supporting tiles, slates and 
ceilings, also espaliers, vines, etc. ; they are frequently split 
instead of being sawn. Laths for ceilings may be sold e\eii 
when ^rd of an inch thick and 1 foot or 2 feet long. 



(b) Boards in which tho Breadth is much Greater than 
the Thickness. 


i. Planks are cut right through the stem and are usually 
10 to 20 feet in length, and 8 to 14 inches by 2 to 4 inches, 
and exceptionally 6 inches in section- 







Fig. 327 .— Boards. 


(Fig. 827.) 

[In the case of oakwood such planks 
take at least one year for every iiicli 
of thickness for seasoning, and they 
are kept in stock by timber-merchant*’ 
and used for all kinds of purposes, frequently after being 
further reduced in size. Kailway-sleepers are comprised under 
this class, their dimensions will be given further on. — Tr.] 
ii. Deals under 2 inches in thickness, usually varying from 
J inch to 1 inch, and of various lengths, but generally from 
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10 to 20 feet long, and inches to 1 foot broad, the usual 
breadth being 8 inches to IJ feet. They are used for floors, 
door- panels, cabinet-making, etc. 

iiL Battens, or small boards, may be 8 feet to 20 feet long, 
and in section 4 inches by |-inch, up to 7 inches by 3 inches. 
They are used for door- and window-frames, etc. 

4. Cloven Timber. 

Cloven timber comprises all those sorts of timber in which 
the wood is split, or cloven, along the direction of the fibres ; 
it comprises staves for casks, park-palings, laths, shingles for 
roofing, spokes for wheels, rungs for ladders, hurdle- wood, etc. 
This class of wood is characterised by the fact, that the fibres 
not being severed, the wood preserves its natural elasticity 
and strength and is much less permeable by liquids ; it is less 
liable to warp and crack than sawn timber. The work of 
cleaving timber is also more expeditious and requires simpler 
implements than sawing, and there is scarcely any waste of 
material involved. In cleaving wood it is advisable, w^hen- 
ever possible, to work from the centre of the piece of wood 
outwards. 

Section II. — Timber used in Superstructures.* 

(a) Different Kinds of Superstructure. — The term super- 
structure includes all parts of buildings that are above 
ground or water, so that the timber used in their construc- 
tion may be exposed to the external air and to atmospheric 
influences, hut not to moisture from the soil or in water- 
courses. Building-timber may be distinguished as sawn 
timber {beams, planks and scantling), which is fitted by a 
carpenter, and planed timber used for floors, doors and 
^vindowa, and fitted by a joiner. 

According to the demands on the durability, strength, 
iieauty, etc., of the timber used, and to its local value, 
different modes of building are employed, some of which 
timber in large quantities, and others much more 
sparingly. 

* M, “ Haddbuch dei‘ lorstl. Baukunde,” Beilin, 
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These modes of building may be distinguished by the 
nature of the walls erected. Thus, block-houses, or log. 
huts, have entirely wooden walls ; the wooden frame -work 
sometimes employed for the walls of houses may be filled 
in with planks, bricks, or lath and plaster ; the walls of 
other 8 perstructures are built of mud, atone, or brick 
masonry. 

In the case of log-huts, the walls of the whole building are 
made of round logs or squared balks, the necessary firmness 
of the building being secured by dovetailing their ends into 
beams placed at right angles to them. Log-huts are still 
used ill the Alps, and in countries like America or Australia, 
where timber is still abundant. 

A higher class of houses is built with a complete wooden 
frameivork of beams and scantling, dovetailed and riveted 
together, and the interspaces are covered afterwards with 
planks, or filled-in with lath and plaster, or with rubble- or 
brick-masonry. Houses with a wooden framework filled-iii 
with masonry are termed half-timbered. In the Middle 
Ages, owing to the abundance of wood nearly all houses and 
even large edifices were built with a wooden framework ; 
at present, this mode of construction is limited to woodland 
districts and especially to Switzerland and the Black Forest. 
Its use is becoming more restricted in Europe as com- 
munications improve and it is being replaced by stone- or 
brick-masonry. 

[In countries like Japan or Assam, where earthquakes are 
frequent, this mode of building with wooden framework is 
far safer than masonry, the interspaces between the wood 
being filled-in with reeds or bamboos and plastered over, hi 
the event of an earthquake, the whole house holds together 
and the danger of. falling masonry is avoided. Frequently 
owing to the malarious nature of the country in Assam, houses 
are raised above the ground on piles. — Tr.] 

Brick- or stone-masonry is the best material for the 
of buildings, and at present is most common [though m 
fairly dry countries, such as the N.W. of India, walls and 
even roofs are made frequently of mud, — Tr.] In all these 
cases the minimum amount of wood is used, and chiefiy fer 
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doors and 'window-framos, for tho flooring and wainscoting of 
the different stories (though even these may be made partly of 
stone and cement, supported by steel girders), and for stair- 
cases and roofing. 

Wooden scaffolding used during the construction of build- 
ings of all kinds also requires a large quantity of round 
timber and some planking; work-sheds and other similar 
consti uctions are made usually with a wooden framework. 
Beams, scantling, planks, etc., and round timber for 
scaffolding, are the usual forms in which wood is used in 
superstructures, while the properties which timber should 
possess for use in superstructures may be considered under 
the headings— shape and dimensions, strength, durability 
and weight. 

(b) Shape and Dimensions of Timber Used.— Although in 
the construction of staircases and of half-timbered houses, 
curved wood is not excluded, the carpenter requires straight, 
cylindrical logs for most of his pieces. The length and 
diameter of the pieces depend, of course, on the size of the 
building for which they arc required, but the pieces used for 
any particular building are classed in uniform sizes. They 
are seldom thinner at centre than 4 to 6 inches, or thicker 
than 1 to feet. 

(c) strength of Material.— Timber ia subjected to loads 
'vhich when applied transversely to the length of the pieces 
eiHl to cross-break them. In such oases, the timber serves 
me purpose of a beam, as for instance, the joists for supporting 
floors and rafters for roofs. 

The strength to resist bending is proportional to the width 
0 e beam and the s<iLmro of its depth. Two beams of half 
width have the same strength as one of whole width, but two 
earns of half depth superposed one on the other have only 
the strength of one of whole depth. The greater 
I'annyerse thickness therefore should be placed in the direc- 

Buffi is applied. In order to provide 

mcieut stiffness as well as strength, the depth of beams, etc., 

sufln r or 

width • stiffness, the 

18 about Jrd of the depth in short beams, and Jtli in 

0 0 2 
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long beams. For spans exceeding 20 feefc, iron and steel 
girders are generally used. 

When the load is applied in the direction of the length of 
the piece of timber, the latter acts as a strut or column, ^vhen 
the load thrusts, or as a tie when the load pulls. Timber is 
exposed very rarely to a strong pull on account of the difficulty 
of getting secure attachments to the ends of a piece ; by merely 
butting the ends, however, unlimited thrust may be applied. 
Long struts or columns are liable to yield not by direct crush- 
ing, but by cross -breaking due to lateral bending. The thrust 
which can be borne safely varies from J of a ton per square 
inch of section in struts of a length equal to 8 times their 
diameter, to one half of that amount when the length is 24 
times the diameter. 

(d) Degree of Soundness and Durability. — All pieces of 
timber used iu constructions must be perfectly sound and 
sufficiently durable, and in all cases none but thoroughly 
seasoned timber should be used. Some of the pieces 
used in buildings are exposed to decay more than others, 
such as those used for cellars, wash-houses, breweries, 
stables and other damp places, whilst roofing timber is less 
endangered. 

It is not surprising to find, if green timber be used, that 
destructive fungi attack the beams, etc., and early repairs aie 
necessitated. Pieces of wood that are most exposed to deeav, 
and nowadays the ends of all beams, are smeared or iinpieg- 
nated with antiseptic substances, such as earbolineuin, anti- 
moniuin, tar, etc. 

[In countries where white ants abound, only wood which 
they do not attack should be used in constructions, an excep- 
tion being made for rafters, when the masonry, or half- 
timbered walls are secure against the passage of the ants, h 
is also usual to smear the timber externally with wood-oil, 
extracted from species of Dipterocavpm, which is a great 
preservative against insects, — Tr.] 

(e) Weight.— Weight is avoided as much as possible, 
especially in the roofs of buildings, which were formerly made 
of heavy oakwood. In substituting light coniferous 
instead of oakwood for roofs, fairly durable wood should 
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used, such as narrow-zoned and not broad- zoned wood— at 
least, for the principal roof-timbers. Usually the price of 
this fine-zoned timber is considerably higher than for inferior 
material. Greater ease in construction is also a cause of the 
preference of light to heavy wood. 

[Ill India, bamboos are used largely for roofing ; under thatch 
they should be at least three years old shoots, and thoroughly 
soaked in water for a month or two before being used, in order 
to avoid insect- attacks. — Tr.] 

In Europe, chiefly the woods of spruce, larch, ailver-flr, and 
Scots pine, are used in buildings on account of their light- 
ness and other qualities, good larch w'ood being the best 
material of them all. These woods are straight and strong, 
and if not grown too quickly, sufficiently durable; they are 
cheap and easily worked. Oakwood, formerly considered 
indispensable for building purposes, at present is used much 
less frequently, on account of its high price. Still it should 
be preferred in all damp, steamy places, where great demands 
are made on the durability of a wood. 

The spruce is used more extensively in buildings than any 
other timber, on account of its cheapness and special qualities. 
Its perfectly straight stem possesses great transverse strength 
and suflB.eient durability, its wood also is light and easily 
wori{ed. Owing to its greater durability, good larchwood, 
jvhich possesses all the other qualities of the spruce, is used 
largely in mountain districts. Black pinewood from the 
■^Ips appi caches larchwood in value. The Scots pine also 
affords excellent building-timber, which is more durable than 
sprucewood, and is preferred generally for beams. Silver- 
''^ood is very elastic, and yields timber of as large dimen- 
sions as any of the above; it is more cylindrical than 
p uce\\ood, on which account it is preferred to it . in some 
^18 nets. In others, it is reported as of limited durability, 
liable to be worm-eaten, but usually is preferred to 
sprucewood in damp places. It appears doubtful whether 
timh^^^ distinguish between spruce and silver-fir 

or; local custom frequently prescribes the kind of build- 
preferred, irrespective of its other good 
108. Silver-firwood grown in Britain is in higher repute 
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than indigenous sprucewood. Wood of the Weymouth-pine 
also is used in buildings ; it \\’as considered to possess little 
durability or strength, so long as only young wood without 
heart was used. Weymouth pinewood indeed is the lightest 
of the important coniferous woods, but it is not correct 
to say that it is the worst. F. Roth The Wood of the 
'White Pine,” 1899) says that in the United States, and 
perhaps throughout the world, no wood is used for so many 
purposes as Weymouth pinewood. 

The wood of few broadleaved species, except the oak, are 
used in buildings. [Chestnutwood has been reported to have 
been used in roofing cathedrals in France and England, but 
Mathieu {Flore forestiere) states that when the wood of these 
roofs has been examined by an expert, it has been found 
always to be of oak. — Tr.] Elmwood and wood of robinia 
afford good building material, but are scarce in Germany, 
though the former is fairly common in Britain. Aspenwood, 
in spite of its little durability, is sometimes used for light 
roofing spars. Almost any wood may be used to fill in the 
frame- work of timbered houses ; often beech is employed for 
this purpose. 

Amongst foreign woods, that of the Pitch pine {Pimis pains- 
#m), on account of its great durability, strength, beauty of 
grain and comparative cheapness, is in great demand. 

In the selection of various woods for building purposes, the 
price and facility for working are usually decisive, also custom 
and sometimes prejudice. 

In the east of North America, for centuries, the most impor- 
tant building-timber has been that of Weymouth-pine; as 
the supply of this timber is nearly exhausted, swamp-cypress 
{Taxodimn distichuin) and other timbers that were formerly 
despised, especially that of species of pine, have come into 
use. Qiierciis alba replaces our oaks ; in the west and south 
of North America, redwood {Sequoia sempervirens)^ in the north, 
Pirns pojiderosa and Douglas fir, are the most important 
timbers. [Western larch wood {fjarix occidentalis) also from 
Montana is coming into use. — Tr.] In Japan, Criptoru^'^^ 
japonica is most used ; wherever this fails, pines and cypresses 
are selected. The Imperial palace is built of the 
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of Chamacyparis ohiusa; only Zelkowa Keaki is used for 
temples. 

[In India, teak, deodar, Pinus excelsa SLud sal {Shorea rohusta) 
yield the best building timber, but each province (especially 
the moister regions of Bengal, Assam, Burma, Bombay and 
Madras) possesses a few other species yielding durable timber. 
By far the larger number of Indian trees are devoured by 
the white ant, however well they may be seasoned ; this 
restricts greatly the possible selection of timbers to be used 
for buildings. — Tr.] 

Section 111. — Timber used on, or in, the Ground. 

Woods used in the form of piles for foundations in swampy 
ground, or to support road-embankments ; also woods used in 
aqueducts, roads, railways or mines, come under this head. 

1. Wood tised in Foundations of Buildings. 

Where buildings are constructed on yielding soil, frequently 
a foundation is made for them by driving piles 8 inches to 
12 inches in diameter, and 10 feet to 16 feet long, into the 
ground, sometimes in several tiers one above the other, until 
a firm foundation has been secured. Frequently this takes a 
very large quantity of timber. Wherever these piles are not 
completely under water they are extremely liable to rot owing 
to the variable moisture in the soil, which is not usually suffi- 
cient to exclude the air, and to the usually moderate tempera- 
ture of the soil. Hence the most durable woods are used for 
this purpose, such as oak and resinous conifers, chiefly larch 
and Scots pine. Wherever the soil is permanently wet, alder- 
wood also may be used, as it is essential that the piles should 
be straight. 

2, Wooden Water-pipes. 

Although everywhere iron water-pipes are replacing wooden 
pipes for aqueducts, yet in certain well- wooded countries the 
latter are used still; for this purpose the best Scots pine- 

larehwood and black pinewood are most suitable, 
Q^ly straight pieces are used, as in boring them the auger must 
iiot leave the heartwood nor penetrate the sapwood, which has 
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no durability. Pines suitable for water-pipes are free from 
knots, with fine bark and small crowns. Trees 10 inches to 
16 inches in diameter, chest high, are the best. As larch has 
very little sapwood any straight tree of sufficient size will 
serve the purpose. Usually these woods last 8 years to 10 
years if they are laid at a proper depth below the surface 
of the soil, somewhat over 2 feet, where frost and heat do not 
affect them. 

Failing these, woods of spruce, silver-fir and alder may be 
used. Oakwood gives the water a bad taste, it is too expen- 
sive for the purpose, and other woods are not sufficiently 
durable. fDeodar-^yood is the best to use for aqueducts in the 
Himalayas. — Tr.] The wood is bored and used quite green, 
and supplies of wooden pipes must be kept in running w ater 
to prevent warping and cracking. It is preferable to keep 
them in dry sheds than in stagnant water, where spores of 
fungi get into the tubes and cause premature decay. 

Single pipes are 10 feet to 13 feet long, as it is difficult 
to bore them to a greater length. The wall is generally as 
thick as the bore. 

3. Wood iised for Timber ExporUlVorlcs. 

Wood is used frequently in forest export-roads, slides, or 
sledge-roads. Wherever there are extensive coniferous forests, 
and the local prices of w^ood are low, large quantities of wood 
are used for fencing, supporting embankments, culverts, bridges, 
and for covering sw^ampy ground ; all kinds of wood, cliieffy 
coniferous wood, are used. 

4. ]]'ood-Paving.* 

Wood-paving is now employed in the streets of large cities. 
[In London, jarrah {Eucalyptxis marginata) and kari (A- 
diversicolor] are used largely for this purpose, and doubtless 
Pyngado {Xglia dolahriformis), and other heavy Indian woods 
might be used with advantage.— -Tr.] Among European 
species the hardwoods, beech, oak and elm are best, but owing 

* C, L. Hill, “Wood-paving in the United States,’ U.S. Dep. of Agii; 
March 4, 1908. 
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to its cheapness Scots pinewood is also used and has proved to 
be as durable for this purpose as Pitch pine. 

Generally injected wood is used, zinc-chloride is said to 
have given better results in this respect than creosote. The 
wood is used either in rhombs, or rectangular prisms, placed 
on a slightly arched layer of concrete, molten asphalt being 
poured between the blocks, which are afterwards covered with 
a layer of fine gravel and well rolled. 

The blocks of wood are 6 inches to 12 inches long, 3 inches 
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broad, and 6 inches to 7 inches thick ; when rectangular they 
are placed endways, and when rhombic, as in the figure. 
Experience in London and other large cities gives the 
following results. 


Qualification, 1 

I, 

ir. 

III. 

Cleanliness and hygiene 

Asphalt 

Granite 

Wood 

Scarcity of dust j 

Wood 

Asphalt 

Granite 

IHiratioii 

Granite 

Asphalt 

Wood 

Safety of traffic 

Granite 

Wood 

Asphalt 

Cheapness of construction ! 

: Wood 

Asphalt 

Gianitc 

1, repairs 

Granite 

Asphalt 

Wood 

,, maintenance i 

_ ” I 

: Granite 

Asphalt 

Wood 


[There are also some important points to be considered, 
especially noise from traffic and wear-and-tear of tyres; in these 
respects wood and asphalt are evidently superior to granite or 
other hard stone. As regards the various kinds of wood, 
softwood wears away evenly and does not impair the concrete 
beneath it. Hardwood wears less rapidly, but unevenly, and 
i^ijures the concrete below, so that it must be taken up when 
fresh wooden blocks are laid. Non-absorbent wood is the most 
hygienic, as much horse- urine permeates absorbent wood. — Tr.] 
Blocks of Scots (red) pine and other wood are used also for 
the flooring of stables, threshing-floors, or outdoor staircases. 
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(Dimeiisjons in meters,) 

Fig. 329, —Different sections of rail- 
way-sleepers usecl in France. 
(ADer Boppe.) 


5, Railway -Sleepers. 

Up to the present time rail- 
ways have made great demands 
on forests, chiefly for railway- 
sleepers, or ties, as they are 
termed in America. 

[The dimensions of railway- 
sleepers vary in different coun- 
tries, in England being 9 feet 
by 10 inches by 5 inches, or 
3J cubic feet ; eleven of these 
sleepers are used for 30 feet ol 
line, being about 2f feet apart, 
but are further apart towards 
the centre of the rails and closer 
near the joints. Each red-pinc 
sleeper is saturated with gal- 
lons of creosote, which is forced 
into the sleepers under pressure. 
The breadth of gauge between 
the rails is 4 feet 8^ inches, 
which with the width of the 
rails, ^ inches, makes up 5 feet, 
the ordinary width apart of the 
wheels of a cart. In France 
great latitude is allowed in speci- 
fications of sleepers, as shown in 
Fig. 329. 

In India, the ordinary gauge, 
termed the broad-gauge, is 
feet ; and the meter* gauge, 3 feet 
3f inches, corresponding to 
sleepers 10 feet by 12 inches 
by 6 inches or 9^ feet by 13 
inches by 5 inches, and 8 feet 
by 8 inches by 4| inches respec- 
tively. 


The rails are placed on steel chairs fastened to the sleepers 
by iron spikes, oak trenails, or both, and it is essential that 



KAILWAY-SLEEPERS. 


571 


there shall be no bad knots on the sleepers just where the 
chairs are fixed to them, — Tr.] 

In Germany first-class sleepers are 2’7 m. long and 16 by 
26 cm. in section ; second class sleepers are 2'5 m. long and 
15 by 25 cm. in section. On the average a sleeper contains 
0*10 cu.m. (3J cu. feet), and if the waste of wood in sawing 
them is considered each sleeper requires 0*13 cu.m. (4’55 cu. 
feet). In Belgium, France and Holland the sleepers are 2'50 
to 2*75 m. long and with sections 13 by 26, 14 by 28, 15 by 
30, 16 by 32, 18 by 35 cm. ; as already stated, their shape 
need not be regular. They are therefore cheaper than 
English or German sleepers. It should be noted that the 
height of a sleeper has more effect on its durability than 
its width. 

In 1902, the total length of railway lines in Germany was 

53.000 km. (83,125 miles). There are on the average 1,800 
sleepers per kilometer, averaging 0*1 cu.m, of wood. As the 
sleepers last about 10 years, every year about 6,890,000 
sleepers have to be replaced, requiring 689,000 cu.m, of wood. 
Also about 900 km. of new lines are constructed requiring 

120.000 cu.m, of wood. Hence the annual demands for wood 
for the German railway-sleepers are about 800,000 cubic 
meters, or 28 million cubic feet, which if the waste in sawing 
the sleepers is included means a drain on the forests of 36 
million cubic feet, the annual produce of about a million acres 
of woodland ; of the German sleepers 55 per ceiit. is conifer- 
ous, 40 per cent, oak and the rest chiefly beech. 

It is evident that the greatest number of sleepers should be 
sawn from wood in the round. Experience has shown that in 
the sleepers 2J m. long and 16 by 24 cm. in section the follow- 
ing sleepers can be cut from round logs. 


No. of Sleepers, 

' 

Diameter of Lag at small end. 

Centimetres, 

Inches. 

1 

26 

10 

2 

36 

14 

3 

43 

17 

4 

48 

19 
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Wood of large dimensions, oak wood at any rate, is too 
expensive for railway- sleepers, so that only oaks of third class 
are used. As a rule from 30 to 40 per cent, of the wood is 
wasted. 

Oakwood formerly was considered essential for railway- 
sleepers owing to its durability, extending to 10—16 years. 
Narrow-ringed larchwood had an average duration of 10 years, 
and close-ringed Scots pine with plenty of heartwood 7 to 9 
years, no other European woods being utilisable unless 
impregnated with antiseptic substances. Now, owing to the 
increasing scarcity and cost of oakwood and the advantages 
of impregnating sleepers, impregnated pinewood as well as 
impregnated wood of beech, spruce and silver-fir are pre- 
ferred. Beech wood absorbs creosote fully and is now used 
extensively. Experimental use is also made of pitch pine and 
quebracho wood. The question of impregnating wood has 
been dealt with already (p. 509). 

Young oakwood on account of its superior density is better 
for railway- sleepers, when creosoted, than the wood of old 
trees. If many oak sleepers have shown little durability, 
that is due to the low class of timber used. The nature 
also of the bedding in which the sleepers are laid exercises 
considerable influence on their duration. 

Iron has come recently into competition with wood for 
sleepers, the chief reason for its use being its great durability. 
During the years 1891 to 1896 on the Prussian State Railways, 
which use annually about 3^ million sleepers, the use of iron 
sleepers has gone up from 17 per cent, in 1891 to 25’9 per 
cent, in 1896. Of the wooden sleepers, in 1896, 71 ’3 per 
cent, were of pine and 28’7 per cent, of oak, in 1895, 90 per 
cent, of the pine sleepers were imported but only O’ 9 per cent, 
of the oak sleepers. 

[The iron or steel sleepers are either trough- shaped or pot- 
shaped, the trough-shaped form being the best. The chief 
objection consists in a gradual change in the molecules due to 
the action of the traffic that renders this metal brittle. 
Wooden sleepers are heavier and more stable than metal 
sleepers. Another objection lies in the greater cost of steel 
sleepers; often in India the saline nature of the soil is 
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prejudicial to steel sleepers. No sleepers can yield a better 
running road for traffic than the creosoted red-deal sleepers 
of Piniis sijlvestris from the Baltic, which are used almost 
exclusively in Britain. 

In India, teak, deodar, sal, and Xylia dolahr\forinis are the 
chief woods used for sleepers, and 4 millions yearly are the 
estimated requirements for the future. 

In America most sleepers are made from the longleaved or 
pitch pine {P, pahstris) ; in Australia and S. Africa from 
species of Eucalyptus, though much red-deal from the Baltic 
is imported into S. Africa.— Tr,] 

6. Wood used in Forts, 

Palisades in fortresses are made of all kinds of wood, chiefly 
coniferous. Platforms for guns and bomb-proof and other 
sheltered parts of forts are made largely of all kinds of wood, 
chiefly oak and Scots pine. 

7. Mhiinri Timher. 

In spite of the large use of iron in supporting mine-galleries, 
large quantities of pit-wood are used for this purpose, as well 
as for lining shafts in pumping- works, etc. In Germany, the 
annual production of 120 million tons of coal and lignite 
require annually 3*6 million cubic meters of wood (126,000,000 
cubic feet), while for all the German mines, 4 million cubic 
meters of wood are required. Wood used in mines is exposed 
to damp air, damp and frequently wot soil, and, in the deeper 
mines, to a constant degree of comparatively high temperature. 
Every circumstance, therefore, tends to favour the decomposi- 
tion of the wood, and it lasts seldom more than 4 to 6 years. 
If the demands were not so considerable, none but the most 
durable oakwood ought to be used. It is, however, more 
economical to use the wood which is locally more easily pro- 
curable ; this is chiefly coniferous, of which larch wood is most 
durable, then resinous Scots pine wood, hut in Germany even 
sprucewood is sometimes used. Among broadleaved trees 
beech ia used most commonly, and largely so when shod with 
steel, as stamping hammers for pounding minerals. 
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B. Dankelmann gives the following data as regards the use 
of various woods for pit-props ; oak, greatest strength and 
durability, but too dear ; beech stands pressure, but has low 
transverse strength, not durable; impregnated sprucewood 
is better than pinewood owing to its more suitable Bhai)e; 
pine has greater strength and durability, but bad shape; 
robinia is equal to oak, but dear. Vide p. 106, where the 
latest French tests for pit-props are given. 

With the exception of beams used vertically, dovetailed 
together in shafts, ladder- wood, and some other pieces, wood 
for mines is required chiefly in round logs free from bark. 
Different forms also of sawn wood are in demand for lining 
shafts, generally in the form of inferior coniferous boards and 
planks. Wood may be supplied in fuU-lengthed logs, which 
the mining carpenter reduces to the required dimensions; or in 
the form of pit-propa, in which the chief bulk of mining timber 
is comprised, and which vary from three to eight inches in 
mid-diameter (not less than 2^ inches at the smaller end), and 
12 to 30 feet long, and even longer. Only about 15 to 20 per 
cent, of the mining-props are required in pieces measuring 12 
to 16 inches, mid-diameter. 

[Scots pine will yield pit-props when 40 years old, and birch 
at 25 years, and for British coal-mines over 600,000 tons of 
Cluster pine are imported annually from Bordeaux, where 
this tree is grown and tapped for resin in the extensive forests 
of the Landes and Gironde. This gives about 1 ton of wood 
for 30 tons of coal, the wood costing about 15/- a ton. — Tr.] 

Wood is put to some other uses where it is subject to similar 
conditions as wood used in mines ; for instance, well-frames, 
for which purpose resinous coniferous wood, especially that of 
larch, black pine, and Scots pine are suitable ; also in cellars, 
for bottle-racks, for which oak wood, good pinewood (or iron) 
are chiefly used. 

Section IV. — Wood used in contact with Water. 

1, BndgeSf etc. 

Wood used in watercourses and bridges is under very much 
the same circumstances as wood in contact with the ground, 
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except that it may be partly or entirely under water. All 
wooden bridges and works used in connection with them for 
strengthening the banks of watercourses, sluices, weirs, booms 
and other timber-catching apparatus on streams used for float- 
ing, require pieces of many different shapes. Although iron 
bridges are now becoming usual even across narrow streams, 
and to a large extent roads are replacing water-carriage for 
timber, yet the importance of canals for cheap traffic of heavy 
goods is being felt more and more, so that very large quan- 
tities of timber are required in hydraulic engineering. 

Bridges are boarded usually with beech, which gives a 
smoother surface and is less liable to splinter than oak or 
coniferous wood, but the considerable amount of warping and 
shrinking of beechwood must be allowed for. 

Timber tlius used is exposed greatly to decay, so that oak- 
wood and resinous lieariwood of larcli and Scots pine are 
employed generally for these purposes. In the case of works 
for floating timber, it would be highly advantageous were the 
best wood used, but owing to its abundance in mountainous 
districts, and to tlie great cost of oak and larch, sprucewood 
usually is employed, although its durability is small. 

Water-wheels also, for flourmills, sawmills and mills for other 
purposes, should be made of oakwood,but are made usually of 
the wood of Scots pine, larch or even spruce. The axle of a 
water-wheel must be thoroughly sound and free from flaws ; it 
is seldom more than 18 feet long, and is made usually of the 
wood of oak, larch, Scots pine, spruce or even beech. The 
diameter of the axle does not depend entirely on the size of 
the wheel, and the amount of the work to be done, but also 
according as the spokes of the wheels are dovetailed into the 
axle, or fastened to it tangentially. 

Iron wheel-axles rest on beech or hornbeam bearings, which 
are supported by a strong framework of oak, Scots pine, 
larch, etc. 

2. Fascines, 

Fascines are often used to support banks, a fascine being a 
bundle of young stool-shoots of different species and dimen- 
sions, Their usual length is 10 feet to 12 feet, the heiglit to 



576 


INDUSTRIAL USES OF WOOD, 


which the coppice grows, and they should measure 12 inches 
in diameter at the larger end. Fascines are used transversely 
to the bank of the stream ; long thin fascines, made of the 
finest available material, only 5 or 6 inches thick, but 24 to 50 
feet long, which arc bound with withes at intervals of ten 
inches being pegged down over them. Another kind of fascine 
is 12 to 20 feet long and 24 to 36 inches across, filled with 
heavy stones, and sunk alongside the bank in deeper water 
where the stream is strong. Quick -growing trees and shrubs 
with five to six years’ rotation, especially wdllows,* are used 
for fascines ; also buckthorn, euonymus, viburnum, privet, 
alder, elder, hazel, poplars, ash and thorns. 

The best time for felling coppice for fascines is in March, 
just before the spring-shoots come out. This is satisfactory, 
alike to the engineer and the forester, as the former gets the 
material w^hen it is richest in sap and therefore heaviest, 
whilst the latter cuts the coppice just before sprouting, which 
secures a good reproduction from the stools. 

For wattle-fences, duck-decoys, etc., osier- willows yield the 
best material. 

Section V, — Wood used in Machinery. 

Iron and steel are fast replacing wood in machinery ; it 
is only in purely agricultural districts that any maclnnes 
are made wholly of wood. It is therefore only parts of 
machinery, chiefly the frame-w^ork, bearings and fixings of 
heavy machinery, that are made of wood. Wood is used 
chiefly in sawmills, flourmills, etc., and in machinery for 
driving wooden stamping-hammers. Even in large factories, 
however, wood is still required ; • this is generally wood of 
dense structure, which resists shocks and friction. * 

In all works driven by w^ater-power, the water-wheel is the 
most important implement and has been referred to already. 
In extensive plains, sails of windmills replace the water- 
wheel ; they are made always of coniferous wood; chiefly of 
Scots pinewood of best quality, such as is required for masts 
of ships and are sometimes very large. Pieces shouH 

* iSultJ! alba, nihm, (km^’^dulinaJnaudrtj. ' 



BUILDING OP SHIPS AND BOATS. 


577 


tail-off at the small end. Steam-power is however replacing 
wind-power to a great extent. 

As regards the demands for wood for the interior of factories 
the following short remarks will be made 
All wheels are made of iron, but hornbeam and dogwood are 
used sometimes for cogs. In sawmills, the supports of the 
saw and the bed are made chiefly of coniferous wood, the 
rollers of the latter are of wood of hornbeam, elm or oak. In 
flour-mills, except the wheels, most of the fittings, such as the 
hoppers and meal-bins are made of coniferous wood. The 
case in which the mill-stones work should be of Scots pine- 
wood as free from resin as possible, or of silver-fir wood. All 
parts of the mill where friction is exerted should be of beech 
or hornbeam. In oil- mills and stamping- works, hard broad- 
leaved wood, such as that of beech, hornbeam, oak and ash, 
is required rather than coniferous wood, and also for pounding 
troughs in oil, tan, powder and bone-mills. 

Stamping-hammers are now made usually of iron, but in 
mountainous forest districts, many are still of wood bound 
with iron, and large quantities of beech, birch or hornbeam 
logs are used for them, in round pieces 8 to 10 inches in 
diameter and 6 to 8 feet long. These pieces often require 
replacing 6 to 8 times in a year. They come constantly in 
contact with the glowing mass of iron below them, on which 
water is poured, which causes them to crack in all directions 
and wear out rapidly. 

The anvil-stock below the hammers is made of an oak log 
at least 3 feet in diameter and G feet long, which is bound 
with iron and let firmly into the ground. 

Wood is used largely in all factories for frame- work, work- 
tables, floors, etc., and after coniferous wood, beechwood in 
thick planks and scantling is employed chiefly. 

Section YI. — Building of Ships and Boats. 

1. General Account. 

no industry has wood of recent years been replaced more 
largely by iron than in shipbuilding. It is chiefly the larger 
men-of-war, steamers, and sailing ships which are built of 
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iron. Iron ships are most resisting to storms, of larger 
burden, easier to repair and more durable than wooden ships. 

As regards the shape, there is a considerable difference 
between ships intended for the sea, and fresh- water barges; 
the former are comparatively short compared with their 
breadth, with keels which run straight from end to end of the 
ship ; whilst all the other lines are of various degrees of 
curvature. This curved shape is given to ships by means of 
ribs, which are made partly by joining different pieces of wood, 
but also by using curved pieces. 

Fresh- water barges have no keels, but a broad flat bottom 
on which the knee*pieces are fastened at a sharp angle, so 
that the straight line is much more frequent in their construc- 
tion than in that of ships. The chief strength in ships consists 
in the ribs, which are very close together, the outer planking 
being less important ; in barges the ribs are much further 
apart, and the planking is of greater importance. 

The demands on wood for building ships and boats depends 
on the species of wood, its quality, shape and strength. 

2. Species and Quality. 

The wood of teak {Tectona grandis) is used chiefly in ship- 
building. The preference given to it is due to its large 
dimensions, its great durability, its being only slightly subject 
to warp, a matter of great importance owing to the varying 
degrees of insolation and humidity to which a ship is subject ; 
teak- wood also is not affected by contact with iron, so that 
there is no rust such as the tannin in oak wood causes, which 
loosens bolts fastening iron plates to oaken ribs of ships. 
Next to teak wood comes oakwood, which must be durable and 
strong. Only heartwood is used, and with broad uniform 
annual zones, bub not broader than 6 mm. (4 to an inch) ; k 
should be of uniform colour and with a fresh scent of tanmn< 

It is uncertain whether the pedunculate or sessile oak yields 
the best wood for shipbuilding, but most ships are built of 
pedunculate oak. For the Austrian navy, the wood of tbe 
pubescent oak is preferred for ribs ; in Norway, sessile oak is 
used chiefly. The best oak for shipbuilding is that grown 
on rich soil and in a warm climate, even the coasts of the 
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Adriatic Sea, Istria, Carinthia and StGiGrniark yield excellent 
oakwood, while Slavonic, Polish and Spessart oak is less 
valuable for shipbuilding. In Britain, that from the south 
and west of England and from France is most prized. In 
N. America, Queveus alha^ in Japan, the evergreen oaks Q, 
crispula and Q, glandulifera are used for ships. In Europe, 
pitch-pine wood and that of species of Eucalyptus also are 
used ; for barges, conifers, especially larch and pines. 

[Jarrah (Eucalyptus marginata) resists the teredo, it weighs 
about 60 lbs. to the cubic foot, being about the same density as 
teak. It is less inflammable than other woods and resists corro- 
sion by iron, is not subject to dry rot and has not been known 
for the last eighty years to show signs of decay. It might 

thus be used as a substitute for teak, in shipbuilding, Tr.] 

Next to oakwood, wood of the Scots pine or red-deal is 
used largely in shipbuilding, chiefly for masts and rudders. 
This timber varies in quality much more than oakwood, and 
the best qualities of red-deal are strongly resinous and have 
narrow annual zones. 

All wood for masts and rudders should be straight and 
cylindrical, free from knots, elastic and uniformly resinous 
throughout. The sapwood, which is always trimmed-off, 
should be narrow, being only J to | of the diameter in the 
best woods. The large masts taken from the Hauptsmoor 
Forest near Bamberg have frequently only 1 to 2 centimeters 
(J to J of an inch) of sapwood, and even this full of 
turpentine. Too highly resinous woods are not esteemed, as 
they are less elastic and strong. At the same time, the annual 
imga should not be too narrow, and experience proves that a 
breadth of ring of 0*75 to 2-00 mm. to of an inch), 
provided it is continued uniformly to old age, characterises 
the best sort of mast-wood. As regards colour, Scots pine- 
'vood, of clean, bright, uniformly yellow colour, is preferred. 

The best red-deal comes from the north, especially the 
Baltic coasts, also from Scotland and Norway, The best mast- 
^ood comes from Eiga, and is superior to all other mastwood 
^ elasticity, strength and durability. Hardly any mastwood 
the old excellent quality is now to be had, owing to the 
prevalence of even-aged woods with forced growth. 

p B 2 
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Larchwood from high latitudes, or altitudes, comes next to 
the Scots-pine as mastwood, and this species is used largely 
for masts in the Russian navy, where the northern Ural 
mountains yield splendid larch-timber. Spruce and silver-fir 
yield only inferior mastwood, their timber not being strong 
enough for the purpose. In the Austrian mercantile navy, 
however, sprucewood from Carinthia and other provinces is 
largely used for masts. Spruce masts also are used largely 
for sailing-boats on most of the German rivers. [Picea 
Omorica was used in Yenic^for masts. —Tr,] 

American and Australian conifers also are used for masts, 
such as the Douglas-fir, Canadian Weymouth-pine, Kauri 
{Dammara australis) of New Zealand, all of which come to 
European dockyards in increasing quantities. 

For the inner lining of ships, besides the woods already 
mentioned, of which teak, oak, larch, and Scots-pine are used 
largely for deck-planking, many other inferior species are 
employed. Injected beechwood is used sometimes, not only 
for keels, but for the whole framework of ships on the Dalma- 
tian coast ; the wood of elm, maple, lime, etc. ; as well as 
ornamental woods such as mahogany, walnut, birds-eye 
maple, etc., are used in fitting-up cabins, saloons, etc.; 
guaiacum-wood and boxwood are used for models and pulleys. 

[Herring boats in Scotland are made of larchwood, and so 
are many English barges. Cedrela-wood is used for river 
boats, as well as spruce, oak and ash.— Tr.] 

8, Permissible Dejects. 

All wood used for shipbuilding cannot be free entirely from 
defects, for if that were the case, sufficient wood would not be 
obtainable from a large forest district to make a single ship, 
as old oakwood is seldom perfectly sound. Wood which, 
owing to its dimensions, is ranked as first-class, may have 
small local defects which do not weaken the balks. Brown 
spots and rings at the larger end of a balk, provided they 
do not penetrate far into the wood, and may be removed 
by shortening the balk, need not cause it to be rejected. 
"V^ere small patches of red or white rot and other similar 
defects occur, which are dried thoroughly and are not expected 
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to extend any further, the decision of the admissibility of the 
affected wood must be left to an expert. Large heart-shakes, 
froat-eracks, twisted fibre, deep-going black and brown marks 
rotten places descending from branches, are defects, which 
naturally^ exclude the timber possessing them from use in 
shipbuilding. 

4. Shape and Dimensions. 

All shipbuilding timber is either wood for construction, or 
for masts or spars. ’ 

(a) Timber used in Construotion.-This comprises curved 
and long wood. 

Curved or compass timber is used chiefly in the framework 



third from end. 


out ^ curvature should be uniform through- 

enil«°*T“ at one-third from one of its 

snd *'his is one-third the distance from its larger 

y ‘g- 331), the piece is most valuable. Some of these 
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pieces are 30 to 40 feet long. Curved woods are required 
chiefly which have a sagitta or camber of 2*5 and 1*5 centi- 
meters per meter [ie. ^ and ^o)^ but this may be exceeded 
in certain pieces as in Fig. 332. The beams used for sup- 
porting the deck are much less curved. 

Wood is now bent artificially for shipbuilding, as in certain 
factories in Hungary, but probably it is then weaker than 
naturally curved wood. 

Kneed timber is formed where a bough parts from the 
parent stem as in Fig. 33^ The branch should accord in its 
dimensions with the stem, and not be 



Fig. 3.S 3.— Knee-piece. 


too small when compared with the 
latter. 

The chief use of knee-pieces is in 
the construction of river-barges; wood 
of smaller size is then required than 
for shipbuilding, and in that case the 
arm a, Fig. 833, is much longer than 
h, whilst for ships it is only twice as 
long. In North Germany, where oak 
is scarce, large, branchy Scots-pines 
are used for knees, which otherwise 
would be fit only for firewood. Such 
knees last 10 years in barges. Beech- 


wood also may be so used in the interior of vessels. In Saxony 
use is made of the lower part of a spruce stem with a strong 
root attached ; this may be 15 to 20 feet long, and 7 to 10 


inches thick. 

It is difficult to give the proper dimensions for ^compass- 
timber used in shipbuilding, but the longer and thicker, tie 
more valuable they are ; no sapwood is included ; 10 inches 
diameter, and 15 to 20 feet length, represent the miniinuifi 
dimensions. When used for barges and boats the diameter 


of knee-pieces may go down to 4 inches. 

Long, straight pieces of timber are used for keels, but are 
sawn chiefly into planks for the inner, or outer, easing o 
vessels, and even larger sizes are required than for com- 
pass-timber : lengths below 24 to 30 feet, and a diame er 
of less than a foot at the smaller end, are not permissihc. 
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(b) Mast- and Spar-Wood. — Wood for masts, booms, and 
spars should be perfectly straight, as cylindrical as possible, 
and when required for large ships, of the largest possible 
dimensions. First-class masts must measure, free from sap- 
wood, at least 60 to 80 feet in length and be 16 to 20 inches 
in diameter at the small end; formerly such masts were 
procurable in Hauptsmoor, near Bamberg. Almost exclusively 
coniferous wood was used for masts, but the use of such wood 
of the largest dimensions has been replaced by that of hollow 
steel masts. Smaller spars still are required which are of 
dimensions within the powers of most forests to supply. 

5. Supply of Timber for Shipbuilding. 

The supply of oak -timber from German forests is only small. 
The system of coppice-with- standards is better adapted for the 
supply of oak-timber for shipbuilding than the even-aged 
systems, and thus France, where this system is very preva- 
lent, produces large quantities of suitable oakwood. Most of 
the timbers used in shipbuilding are compass-timbers, which 
are much more abundant in uneven -aged wood, and even in 
hedgerow trees, than in even -aged high- forest. The wood of 
standards in coppice is also harder, and of better quality for 
the purpose, growing as they do, isolated or in groups, with 
plenty of room both for their roots and crowns. 

As regards raastwood the opposite conditions prevail ; slow, 
uniform, and prolonged growth are required, and the trees 
must be grown close until they have attained their full height, 
in a uniformly moist soil, a situation sheltered from storms, 
and a cold climate, such as the Baltic Provinces. Only 
individual trees in such woods will attain sufficient dimensions 
for the largest masts, and on them great care and attention 
must be bestowed. 


Section VII. — Joinery and Cabinet-making, 

Joiners and cabinet-makers use large quantities of wood, 
which is usually the only material they employ. These 
industries have become highly specialised, and there are all 
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grades of artisans employed — the joiner, the cabinet-maker, 
the wood-carver, model-maker, and tool-maker. 

1. Joinery, 

The joiner constructs the inner fittings and finishing of 
houses, such as the floors, doors, window-cases, wainscoting, 
staircases, etc. The material he uses is chiefly sawn timber, 
planks, boards and scantling. He does not work usually with 
roughly-sawn material, but with planed material, which is 
sold by the wood -merchants ready for use, and often with the 
requisite mouldings. Thus much labour is spared which 
\YOuld cost more if executed by a joiner than when made by 
special machinery. Hardly any wood in the round, or 
roughly- sawn wood, is used by the joiner. 

The W'Ood used is chiefly coniferous, and broadleaved wood 
to a less degree. Boards, planks, and upright pieces are 
chiefly of spruce and Soots-pine, and after this, of silver-flr, 
larch, or Weymouth-pine. Owing to its white colour spruce 
is preferred for flooring. Silver -fir turns grey and splinters 
more readily than spruce. Pines and larch are darker 
coloured but more durable than spruce. For wainscoting, 
Cembran pine and larch yield excellent wood. The joiner 
always prefers fine -zoned coniferous wood, free from knots, 
from cool mountain regions or from the north, to coarser 
material, except in cheaply run-up buildings. Amongst 
broadleaved woods oakwood is preferred, and is used exten- 
sively for parquetry floors, for which the blocks are prepared 
specially by machinery. It is also used in short, flat, planed 
pieces, only wood of large trees without knots being employed, 
as the sapwood is rejected. Oakwood is less frequently used 
for friezes, door- and wall-panels. Oak panelling made of 
wood showing the silver grain is used in dining-halls, staircases, 
churches and other public edifices. 

Fine mosaic parquetry floors are made of woods of 
^iifferent colours, such as oak, walnut, birch, teak, etc., and 
cut in different ways as regards the grain. Some of the 
^oods used are coloured by strong acids, others preserve their 
liatural tints. Oak also is used for staircases, and so is 
beechwood, and often ash is turned for banisters. Beechwood 
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also is used similarly, but is inferior to oakwood in texture, 
capability of being polished and resistance to moisture and dry- 
ness. Pitch-pine wood also is used, being very hard and resinous 
also the wood of Douglas-fir, All these pieces are longitudinal 
sections cut between the tangential and radial directions, 

2. Gahmet'making . 

Furniture is made nowadays more in factories than by 
individual makers. It makes a greater demand on the quality 
and variety of the wood used than joiners’ work, and equals 
it in the quantity of wood used. 

Sawn timber is used in the form of planks and scantling 
and round wood of all dimensions. Veneer of finely-marked 
wood is used frequently to face coarser material, and it.s use is 
justified by the fact that these thin strips of wood do not 
crack, as is always more or less the case with solid woodwork. 
Only the more valuable hardwoods are used in the round by 
the cabinet-maker. 

All kinds of wood are used, and for coarser furniture, 
kitchens, cupboards, school-benches, frames, chests, cheap 
coffins, etc., coniferous woods, elmwood and soft broadleaved 
woods are used. The inner part of other furniture is made of 
these woods and then veneer glued on to it, or they may be 
covered with upholstery. Oakwood often is used for the inner 
part of the better kind of veneered furniture. 

Solid furniture is made of broadleaved species, such as oak, 
walnut, cherry, birch, maple, ash, elm, etc. There is, how- 
ever, a limit to the construction of solid wood furniture owing 
to its weight. Beechwood is used largely wherever friction 
and wear-and-tear will be considerable, as in work-tables, 
chairs, wedges, etc. Often it is used stained in various tints 
to imitate more valuable woods. 

The cabinet-maker selects his material for its fine colour, 
good texture, freedom from knots, ease in working, capability 
of being polished, and for being little liable to warp or crack. 
Finely-marked and wavy woods are esteemed. 

In order to reduce warping and shrinkage as much as 
possible, the cabinet-maker uses only thoroughly seasoned 
wood ; he does not care for the most durable wood, but prefers 
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wood Tvhich is easily worked, with, or against, the grain. He 
therefore means quite a different kind of oakwood from that 
esteemed by the ship-builder when he speaks of good oakwood, 
and prefers that of the sessile to the pedunculate oak. The 
best cabinet-maker’s oakwood comes from Russia, the Spessart, 
the Pfalz, the Silesian mountains, from French high forests, 
and generally from mountain districts with a slow rate of 
growth ; on account of its lower density it is less liable to 
shrinkage. Slavonian oak and that from coppice-with- 
standards is much less prized. 

Beechwood would be prized much more highly for furni. 
ture, on account of its dense uniform texture, were it more 
frequently obtainable from middling sized trees in quarter- 
balks from which the core of the tree has been excluded. 
Such wood is excellent material for working up, and is now 
being used extensively for bent- wood* furniture. 

Thoroughly sound beech stem-wood free from knots is used 
for bent-wood furniture, and young wood is preferred to old. 
Even large pieces may be bent easily, and the bending 
dispenses with sharp corners, dovetailing and glueing, the 
pieces merely being bent and screwed together. The wood is 
felled in summer and sawn into rectangular pieces 6 to 10 feet 
long and IJ to 2 inches in diameter, which give a waste of 60 
to 70 per cent. 

Veneers of maple, walnut, and less frequently of beech, are 
glued together and made into the seats of chairs. These 
are being used in increasing numbers. 

Amongst softwoods of broadleaved species, planks of poplar- 
^vood are used chiefly under veneer ; that of the black poplar 
or of the Canadian (Italian) poplar is preferred, the wood of 
the white poplar being very subject to cup-shake. The 
greenish-yellow wood of the tulip tree, Liriodendran tulipi^ 
/minit known as poplar-wood, or whitewood, is exported 
extensively in large balks from America to Europe to serve as 
backing for veneer. These woods are of very uniform texture, 
the spring-wood does not shrink so much as in other 
^oods, causing the summer-wood to project beyond it and 


* See an excellent article by Exner oh bending woo<1, in the Ccntralblatt fur 
tlas gcsatntc Forgtweseii. 187G. 
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giving the veneer, which is glued outside the piece of 
furniture, a wavy surface, 

3. Artistic and Fancy Ware. 

The manufacture of artistic and fancy ware forms a branch 
of cabinet-making, and is used in the finer pieces of furniture, 
picture-frames, clock-cases, etc. ; according to the present 
fashion (old German, Italian Eenaissance, Eococo styles, etc.) 
it is accompanied more or less by artistic carving, inlaying 
with metals, mosaic work, etc. 

Walnut, oak, fruit-trees, maples, birch and coniferous wood 
are used, partly solid and partly veneered. 

Many exotic woods are used, especially mahogany and 
foreign walnut, maple and ash-burrs ; also ebony, rosewood, 
satin wood, olive-wood, violet- wood, thuya, juniper and cypress 
wood, teak and pitch-pine. 

Wooden frames for mirrors and pictures, which are made 
in Saxon and Bavarian factories and also by individual hand- 
work, are chiefly of coniferous wood, but also of oak and 
ash. 

4. Model’??iakwy. 

All models used for cast-metal works, of machines, imple- 
ments, etc., are made chiefly of coniferous planks and 
scantling of the best quality, but also of lime, maple, alder, 
ash, pear and beechw^ood. The model-maker is a real artist 
in his line. 


5. Wood for Tools and Implements. 

Plane-boxes, turning-lathes, presses, joiners' benches, 
mangles, handles of tools, etc., are made chiefly of beech, 
hornbeam, oak and ash. The framework of agricultural 
implements also uses up much coniferous wood, as well as the 
above species. 

6. Miscellaneous Goods. 

Many other industries may be added, which are also 
branches of cabinet- making, such as the manufacture of 
billiard-tables, boxes, sword-sheaths, and articles used in 
dairies and cheese-making establishments. 
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A very large quantity of wood is consumed in making 
packing-cases, for which coniferous wood of middling or 
inferior quality, and side-pieces and other waste timber are 
used, especially when the cases are fastened together by bands 
of zinc or iron. Casks used for packing also are made of 
inferior coniferous wood. Better and more durable classes of 
packing-cases are, however, coming more and more into use, 
beech being employed largely. 

For small boxes used for packing fancy goods, soap and other 
small articles, wood of conifers, poplar, aspen and lime are 
used, cut like veneers with special saws, or even a whole 
round block of wood is revolved against a sharp fixed blade, 
and converted into a sheet of wood for this purpose. In 
France, light wood such as aspen is thus used to reduce as 
much as possible the gross weight of the goods. Wood-pulp 
and tin are used frequently instead of wood. 

German cigar-boxes ai'e made usually of alderwood, and 
the pieces without bark should be 9 inches to 1 foot in 
diameter and free from knots ; they are sawn into planks, 
and the latter reduced to thin boards by the circular saw. It 
is a pity that there is not more good alderwood available. 

The wood of the West Indian cedar (Cedrela odorata, L.), 
allied to mahogany, is imported in large balks, not only for 
boxes for the best cigars, but also for inferior ones, especially 
in N. Germany, and this in spite of freights and import duty. 
Attempts to use the wood of poplar and lime for boxes for 
cheap cigars, and especially stained beechwood, have failed, 
owing to the warping of the wood. Cigars are pressed into a 
good shape in presses made below of beechwood and above of 
spruce, the groove and presses being of beech and hornbeam. 
Entire stems of beech are used for this purpose at Hanau, 
Bremen, and Worth-am-Main, but this industry has lately 
suffered from American competition. 

A very large quantity of wood is used annually in the 
numerous pianoforte-factories, which in Germany alone in 
^899 turned out about 105,000 pianos, worth ^2,000,000. In 
piauo-making all kinds of sawn wood (oak, beech, walnut, 
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maple, lime and poplar, etc.) are used, but the wood for 
sounding-boards is of a special kind. For this only coniferous 
wood is used, chiefly spruce, more rarely silver-fir. 

The simple anatomical construction of sprucewood and the 
absence of vessels, the extremely fine, evenly distributed 
medullary rays, the straight and long-fibred nature of the 
wood, and above all its uniform structure, render it most suit- 
able of all woods for reverberating pure tones. Such wood 
must have narrow and uniform annual zones, must have no 
knots, contain little resin, be straight-fibred and of low 
specific gravity, 0'40 to 0'45. The best wood for musical 
instruments should have zones between 1*5 and 2 mm., and 
the summer- wood J to J of the zone. Trees producing such 
wood grow in mountain-regions at altitudes between 2,500 
and 4,500 feet above sea-level, on cool and not too fertile 
localities. They are grown generally in selection forests, 
where the trees get little room for development, until they 
are middle-aged, but more room as old trees. 

Bubenbach in the Schwartzenherg property, the ranges of 
Tuffet, Neutal and Schattawa in the Bohmerwald, also the 
Bavarian forest, in the St. Oswald, Manth, and other ranges, 
the Bavarian Alps, ranges of Fischert and Trumenstadt, and 
the French Jura and Alps are renowned for the production of 
this wood, also Lemberg in Galicia, and North America. The 
trees are sawn into quarters, and then along the radius, into 
planks I inch thick ; they are seasoned, planed, and sorted 
according to their tones. Eecently, attempts have been made 
to produce such wood artificially by glueing together thin 
veneers of wood by means of turpentine, shellac, gum, etc., 
and pressing it into planks. 

Straight-grained beechwood in planks inches thick is 
used largely for pianos, being cut along the radius, which 
prevents it warping as much as ordinary beechwood. 

Many foreign woods are used for piano-cases — mahogany, 
American walnut and maple, padauk, satinwood, etc., ebony 
for keys, and Florida-cedar for the hammers. Woods similar 
to those in use for pianos are also employed for harmoniums 
and organs. 

Venetian blinds and shutters use up much light wood, 
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especially spruce and silver-fir. Wood of similar quality to 
that used for sounding-boards is used for the better sorts of 
blinds, much of it coming from old silver-firs in Bavaria. 

Cornices of all kinds mfly be mentioned here, for which the 
best split coniferous wood is used. 


Section IX. — Wood used by the Wheelwrigiit, 

The wheelwright, besides carts, also makes a number of 
articles used in agricultural work, and comes in this respect 
next to the blacksmith as an indis- 
pensable village artisan ; usually he 
obtains his wood directly from the 
forest. Wheelwrights’ wood should 
be even-grained, long-fibred, tough 
and dense, and free from knots and 
all patches of decay. 

The chief industry of the wheel- 
wright is the construction of carts 
and waggons, the principal parts of 
which are the wheels, axles and 
shafts. 

The wheels consist of the nave, 
spokes, felloes and tires. 

The nave or hub is made gene- 
rally of oak, elm or ash, and in the 
case of carriages, of walnut, or, 
more recently, of plane-wood. The 
wood should be hard and dense to 
prevent the loosening of the spokes, 
which are mortised into the nave. 

[It is said that wych-elm wood is 
tougher, finer-grained, and more easily bent than common elm- 
wood ; both woods are largely used for naves and felloes. — Tr.] 
The felloes, which are mortised together in a circle, are 
made generally of split wood of elm, beech, birch, ash or 
^obinia, elm being beat for the purpose. The wood should, 
possible, be curved naturally, and as the pieces are only 

* Fernandez, “Utilization of Forests,” p. 64, 



Fig. 336. — Mode of cutting out 
felloes. (After Fernandez,*) 
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about 2 feet long, there is generally little difficulty in getting 
nearly the suitable curve, the wood being then cut into shape 
with a band-saw. 

There is a large export of felloes from forests, and in 
Germany they are usually sawn out of split pieces, with their 
flat sides parallel to the annual rings (Fig. 386), which 
enables them best to support the pressure of the spokes with- 
out warping. Where felloes are sawn out of ordinary planks 
3 to 6 inches thick, they are much weaker than those made 
as above. A bent rim sometimes is used for the wheels of 
light carriages, being made of one piece of steamed split- 
wood ; larch, ash, oak, beech, birch, or hickory are employed. 

Spokes are made of cloven oak and ash, also of robinia, 
American oakwood or hickory. Wood thoroughly tough and 
strong, and not likely to shrink much in dry, hot weather, 
should be used. 

[Spokes vary greatly in size, the smallest being 2 to 2^ feet 
long by 2 to 2 J inches by 1 to IJ inches and tapering down 
to about J inch at the smaller end; these are used for 
omnibuses and coaches. Cartwheel spokes are heavier, but 
of about the same length. Large spokes 5 inches by 3 inches 
at the thicker end are made frequently. — Tr.] 

The principal piece of the body of a timber-cart is the pole, 
which is made of split oak, birch, or ash. The axles of the 
wheels are made usually of steel, or of strong oak or ash- 
wood, with steel ends on which the wheels revolve. Carriage- 
poles are preferred of birch, but are made also of ash and 
oak ; and for shafts, ash is preferred to oak, the latter, when 
strong, being usually too heavy, whilst ash bends and yields 
better without breaking. The best shafts are of hickory or 
lancewood {Gmtteria vulgarky The size for shafts is 3 to 
10 feet by 2J to 4 inches square. 

The framework of carts and carriages must be made of 
well-seasoned wood, beech, ash and oak being used, the panels 
of carriages being of lime or poplar. 

Ploughs and harrows are made of heavy wood wherever 
iron is not used in their construction, and crooked pieces of 
oak, ash and elm-wood are used. Teeth of harrows, if not of 
iron, are made of hornbeam-wood. 
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For- sledges, generally oak, birch, elm, ash and beech are 
used ) their horns are made of the best beech, maple, or birch* 
wood. Wheelbarrows also require curved wood. 

Ladders consist of two uprights and the rungs, the former 
made of coniferous wood, generally of a pole sawn in two, and 
the latter of cloven wood of oak, ash or robinia. Mangers 
have a similar construction to ladders, and are made of beech, 
elm, birch or oak. 

The manufacture of the handles of tools requires large quan- 
tities of wood, as handles of axes and hatchets, also handles 
of hammers, spades, scythes, hoes, thrashing flails, etc. 

For axe-handles, split pieces of young beech saplings chiefly 
are used, as well as of hickory, ash, hornbeam, oak, juniper, 
and the service-tree. Oak, beech, or birch handles for scythes; 
for spades and hoes, hickory, ash, elm, robinia, oak and birch 
are used. Wooden hay-forks are of forked birch, ash, aspen or 
nettle-tree {Celtis) ; wooden brakes for wheels, of beech or birch. 

In making all these articles the wheelwright uses logs and 
butts of different dimensions, above all, poles of 3 to 8 inches 
in diameter of oak, ash, elm and birch ; but all kinds of wood 
are used, chiefly cloven wood, from which the core and 
sapwood have been removed, as such material is less liable 
to warp or crack. Curved and bent wood is often of special 
value to the wheelwright, although frequently such pieces are 
made artificially. 

Elmwood affords excellent material for the wheelwright, 
sometimes that of the common elm and sometimes that of the 
'vych-elm being preferred, hut it is very difficult to work, 
and costs the artificer more labour and trouble than he often 
cares to bestow. Near the sea-coast much exotic wood, ready 
cut to size, is used by wheelwrights, especially American 
hickory {Hicoria) and oak (chiefly Querciis virens) . 

Butchers’ blocks use up much ash, as wxll as beech and 
^ak, though elmwood is best for the purpose, if it can be 
<>btained of suitable dimensions. Pieces of large diameter, 
thoroughly sound, are required. Many hundred beech 

utchers’ blocks from the Spessart go down to the Rhine 
jonually ; they are made often of 6 to 8 pieces of wood bound 
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The manufacture of railway-carriages and trucks consumes 
enormous quantities of wood of high quality. The horizontal 
beams, underlying all passenger-carriages as well as goods- 
trucks, are made of squared oak timber. They lie between 
the iron girders supporting the carriage, and rest directly on 
the axles. Broad -ringed ashwood is preferred for the uprights, 
these arc dove-tailed into the horizontal beams and pieces, 
wMch unite with them to form the framework of the carriage, 
blit sometimes oakwood is used. The flatly -curved roof- 
supports are made of bent elm, ash, or Scots pinew'ood. For 
roofing the long dining-cars and sleeping saloon-carriages, 60 
to 70 feet coniferous balks are used. All panels and the interior 
work are made of light woods, coniferous, poplar- wood, etc., 
also of sheet-iron, and, more recently, in England, of pressed 
oakum made out of old ship -cables. The brakes are made of 
poplar, aspen or beech. 

In the frequently very luxurious passenger-carriages and 
sleeping-cars, valuable ornamental veneers are used in the 
internal fittings; or exotic woods, such as teak, pitch-pine, 
American walnut, fine ash, maple or mahogany, in a solid 
form. 

Even the iron goods -trucks require about 36 cubic feet of 
asb and oak in the construction of each truck, and there 
are 300,000 goods-trucks on the German railway -lines alone, 
of which 85 per cent, are roofed. 


Section X. — (Joopeus’ Work. 

The cooper makes all kinds of open or closed wooden vessels 
to contain liquids and dry articles. A distinction may 
made between casks intended to hold spirituous liquors, to 
hold other fluids, or for dry goods, such as butter, sugar) 
herrings, etc. Nowadays casks are made chiefly in factories. 

1. Casks for Spirituous Liquors. 

The most important use for coopers’ timber, and that 
employs large quantities of the best kinds of wood, is the 
manufacture of casks for spirituous liquors, such as 'vincj 
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beer or cider, etc. A good cask should be as durable and 
strong as possible, in order to withstand the inevitable shocks 
and rough treatment to which it will be subjected during 
transport. It must possess the property of retaining its 
liquid contents, so that the latter does not escape in drops or 
vapour through the 
wood-pores. Hardly 
any wood but oak- 
wood will fulfil all 
these conditions, and 
especially peduncu- 
late oak wood (zones 
not exceeding 6 mm.) 
from favourable 

localities, that is 3S7-Thc divider, (AflerIJoppo.) 

superior to northern sessile oak for staves. The latter should 
be used in thicker staves to compensate for its inferior density, 
and is used chiefly for large vats. 

In Italy, robinia-wood has a good repute for staves, whilst 
sweet chestnut, Turkey and evergreen oaks are less valuable. 
Attempts have been made to utilise beechwood for wine and 




Fig, 838.— Method of splitting wood for cask staves. (After Boppe.) 

^eer-barrels, but without success. For spirit-casks, ash, 
inia, and mountain ash-wood also are used. 

Casks are composed of side-staves, head-pieces and hoops, 
he side-staves should be broadest at their centres and 
of^r ^heir ends, in order to allow for the bulging 

e casks; they should, however, be somewhat thick again 

qq2 
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at their ends, as a notch has to he cut there to admit the 
head-pieces. The two broadest staves are, that on which the 
cask rests, and the opposite one in which the bung is inserted. 



The best wood is used for these two staves. From three to 
five head -pieces are used at either end of a cask, being dove- 
tailed together. The tops and bottoms of small casks are 

flat, but in larger ones 
I they are somewhat 
curved inwards, in 
order better to with- 
stand the pressure of 
the liquid inside. 

Wood for staves 
is cloven usually m 
the forest by special 
artificers, and 

straight-grained, light 

and sound wood, free 
from knots and other 



Fig. 340. — The Shave. 


defects, is employed. It must be strong, and yet pliable and 
easily cloven; it is split with a special instrument, termed 
a divider (Fig. 387), in the radial direction, so that the silver- 
grain is visible on the broad suilace of the staves, as the wood 
is least permeable in the direction at right angles to this. 
Whether, or not, wine leaks out of casks appears to depend 
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on the size of the pores, for it finds its way into the anatomical 
wood-vessels and oozes out at the ends of the staves. 

In the preparation of staves, an oak stem is cut first into 
suitable lengths, which are then split in halves by means 
of a wedge. Each half-log is split further (Fig. 338) into 
three or four sectors ; after the core and sapwood have been 
removed, these are split tangentially into pieces as wide 
as the staves by means of the divider driven by a wooden 
mallet. These pieces are fitted into a stave-maker’s 
bench, composed of the fork of a tree {Fig. 339) resting on 
three stakes driven into the ground ; then they are split 
radially into staves, and trimmed smooth by means of the 
shave (Fig. 340). 

Ill Germany, the staves also are partly dressed into a 
curved shape with the adze, but in France they are bent into 
shape. The dimensions of the staves vary considerably, 
according to the demands of the trade. The broadest pieces 
arc required for heading vats, and can be taken only from 
large trees, which soon will be extinct in Germany. The 
Polish staves, which are exported from North Germany to 
England, ETance, Spain, etc., are classified as follows : — 


Class. 


Rpnl.^rk.‘^, 

I^ipe-Rtaves 

0 ft. '2 in. to ,'> ft. 4 in. 


Hogshead-staves 

4 ft. 2 in. to 1 ft. 1 in. 

3 pieces equivalent to 

Barrel-staves 


two pipe-staves. 

S ft. 2 in. to 8 ft. 4 in. 

2 pieces equivalent to 
one pipe-stave. 

Head- pieces 

2 ft. 2 ill. to 2 ft. 4 in. 

1 

4 ])ieces equivalent to 
one pipe-stave. 


There is a very large demand for staves for the wine and 
beer trades ; they are exported from the Baltic, Fiurae and 
Trieste, and from North America. The best staves come from 
^I’oatia, Slavonia, Hungary, and Bosnia, which countries pro- 
duced about 26,000,000 staves in the two years 1891 and 
1892. The Bosnian staves are worked more easily, and there- 
are preferred to those from Slavonia. Oakwood from 
^^ose countries is sound and heavy, and the markets for it 
Fiunie and Trieste for France and England, and Vienna 




598 


INDUSTRIAL USES OP WOOD. 


for Germany, the best staves going to France. These are 
made as shown in Fig. 341, from the best oak trees measuring 
(without sapwood) 22 inches in diameter. 

In the trade, the staves are sold in lots each sufficient to 
make up into a cask of different dimensions, or for France, in 
hundreds. 

The import of staves {Querctis alba) from America is increas- 
ing steadily at Bordeaux, Liverpool, Hamburg, etc., and is 
reducing the price of European wood. 



Fig. 341. — Staves shown in a cross-section of oak. 

The waste of wood in making staves varies from 30 to 50 
per cent. 

After rough staves have left the forest they require further 
trimming and shaping by the hand of the cooper, and must 
be allowed to season in piles in the open for several years 
before they are fit to make serviceable casks. If, however, 
they are steeped in water when quite green and then dried 
carefully, they may be made into casks two years after leaving 
the forest. 

Machines are used in England for making casks, and the 
latter are much more regular and of better appearance 
those made by hand : it is only questionable whether casks 
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made of sawn staves are as durable as those made of split 
ones. In other countries machines are used no longer for 
cask -making, as they do not exclude subsequent manual labour 
iu finishing the casks. It is stated that, in America, beer- 
barrels can be made of papier-mache, • which material for 
some time has been used for oil-barrels. 

2. Slack Barrels. 

Slack Barrels are used for non-spirituous liquids, etc., such 
as those used for the transport of herrings and other sea-fish, 
for living animals, for oil, bathing- and watoA’-tubs, malting- 
vats, milk-pails and a number of other articles. 

Herring-barrels were made formerly of inferior oakwood, 
but more recently of beech, birch, alder, red pine and aspen - 
wood, Large malting-vats, and other vats used in brewing, 
are made of oakwood. Oil and petroleum casks are made 
chiefly of beechwood, but also of oak and chestnut- wood. 
Other slack barrels are madfe almost exclusively of coniferous 
wood, only smaller drinking-vessels being made of maple, 
pear and cherry-wood, or in preference, of juniper or Cemhran 
pinewood. 

Ill splitting wood for staves for slack barrels methods are 
followed similar to those already described ; the staves, how- 
ever, are split usually along the annual rings, or made of good 
sawn material. Freedom from knots, and straight fibre, are 
here also the first conditions of suitability. 

8. Barrels for Dry Goods. 

I>ry Goods Barrels are employed for storing and transport 
of all kinds of wares, such as salt, colours, cement, gypsum, 
i^iigar, currants, figs, butter, lard, chemical preparations, etc., 
and are made usually of coniferous wood. Staves for these 
barrels are seldom split, but are usually sawn pieces, J inch 
^hick, 2 to 5 inches broad and varying in length ; poles, 
I to 4 1 inches in diameter at height of chest are used. Small- 
sized beech logs are used in Hungary and North Germany for 
l^arrels to contain currants, flour, and butter. 

Barrels for dry goods are made chiefly in factories, and 
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there are large factories at Miinden, Hanover, etc., for making 
margarine barrels. Smaller barrels are made of papier-mach^ 
with wooden headings. 


4. Barrel-Hoops. 

Hoops for barrels are nowadays made increasingly of iron, 
but a large quantity of wooden hooping is still used. Coppice 
poles of oak, chestnut, birch and hazel and in America of 
hickory are used, also of willows for the smaller casks. They 
should be felled before the leaves are out. The coppice -shoots 
are cut with billhooks, trimmed of all twigs and knots, and 
then split in half. When green they can be bent easily 
to the requisite shape, but if dry, must be soaked first in water. 
In the case of slack barrels, the hoops are made chiefly of 
pieces of the stem of ash, spruce, or willow, 2 inches broad, 
and Jrd to frds of an inch thick. They are cut smooth with 
a knife, plunged into boiling water and bent over a round 
piece of wood. 

Section XL — Sundry Uses of Split Wood, 

Some other articles besides casks and barrels are made of 
split wood, or of wood treated in a somewhat similar manner. 

1. Shingles for Roofing or to Cover Walls. 

Shingles are used either for roofs, or to cover masonry 
or cement walls, which otherwise do not exclude atmospheric 
moisture sufficiently. The most durable shingles are made 
of oak or larch, but owing to the abundance of spruce and 
Scots pine, wood of these species chiefly is used, and less 
frequently silver-fir wood ; beech and aspen also are employed 
sometimes. The butts to be split must contain sound, light, 
and straight-grained wood without knots, and, therefore, chiefly 
the lower part of stems is employed. Wood of inferior grahb 
and less fissile may, however, be split by means of machines. 

Shingles are prepared of very different sizes, according 
to the manner in which they are to be used. Roofs are covered 
usually with shingles three deep, i.e., only a third part of each 
shingle being exposed (Fig. 842), and such roofs are very durable 
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and water-tight. Shingles used in this way are from 16 to 24 
inches long, 8 to 10 inches broad, and from f inch down to 

I inch thick. In many countries they are so thin at one 
end as to be semi-transparent, especially in the case of larch 
shingles. Another kind of roofing (Legdiicher) is employed 
frequently in Alpine districts, the shingles being from 80 to 
40 inches long, and 8 to 12 inches broad. They overlap one 
another, and are fastened down by nailing split laths over 
them. In the case of tiled roofs, thin laths, 12 to 14 inches 
long and 2 to 3 
inches broad, are 
placed wherever one 
tile is superposed over 
another. 

Shingles are split 
radially from the 
butts, and the sectors 
thus obtained are 
continually split until 
pieces of the right 
dimensions have been 
secured ; they are 
then made smooth. As the central portion of the butts cannot 
be used for shingles, there is a loss of 35 to 40 per cent, of 
in making them, and even more. Machines have been 
invented for making shingles, that by Gangloff^ being the 
best known ; thus a man and boy can make 700 shingles 
in a day, and wood of inferior quality may be utilised. 
Shingles stained black or red, the better to resist the weather, 
prepared in Sweden. Fireproof shingles also are employed. 

II America, Weymouth pine, thuya, juniper, taxodium, 
“^^quoia, sugar-pine and Douglas-fir are used. 

[Ill the Western Himalayas, deodar, and other conifers are 
fni* shingles, the former wood being extremely durable. 

2. Wood for Oars and Rudders, 

Large quantities of wood are used tor making rudders and 
■■s- Ashwood is best, but much oak and beech also are used. 

* Foret, u. Jagdy,eituDg, 1872, p. 312. 



Fig. “42. — Position of shingles on a roof. 
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The pieces used for the purpose are 6 to 15 feet long, 4 to 5 
inches broad at the flat end, and inches to 3 inches square 
at the other end. 

Large spars also, to stretch the large nets used by English 
fishing-boats, may be included here. The wood used is in 
round or split pieces of slender ash-stems 24 to 30 feet long, 
and 7 to 8 inches in diameter at the top. Oars for light river 
boats are made of split sprucewood of best quality. 

3. Broad split Pieces, 

Thin pieces of wood are used for making boxes, sheaths for 
swords or knives, by the bookbinder, shoemaker, etc. ; they are 
chiefly of coniferous wood (spruce), but also wood of beech, 
aspen, and birch is used. They are split out of butts, or straight- 
fibred split billets. These pieces are made by planing-machines 
worked by water-power, the planes being fixed and the wood 
pushed against them. Sapwood of beech is split into sheathes 
for swords and hunting knives. 

Wood-Tapestry of the thickness of ordinary paper is used 
for coating the walls of rooms, up to three feet broad and (50 
to 100 feet long, it is prepared from the wood of all species of 
trees. This is obtained by supporting the butt on a special 
kind of turning-lathe, and revolving it against a blade which 
is constantly pressed further forwards as it peels off the peri- 
phery of the butt. The same machine may be used for making 
veneer. 

Straight-grained sprucewood also is split and used for 
making plaited wooden baskets, which are exported in large 
numbers from the Erzgebirge. The wood of aspen and linie 
also is used similarly. In order to prepare the wood for this 
purpose, it is soaked thoroughly in water and cut into bars, 
which are split into thin pieces along each of the annual 
rings. These pieces are extremely flexible. 

Sprucewood is used also for sieve-frames and cheese-moulds, 
the wood for which is separated from ordinary split billets with 
the cooper’s divider and afterwards planed with the same 
instrument. These pieces are made in different dimensions, 
their length being measured in hands (4 inches) : thus there 
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are pieces of 4 , 6, 8, etc., up to 24 hands, the breadth varying 
^Yith the length between and 8 inches. Wood must be used 
green for this purpose, the preparation of the pieces and sub- 
sequent bending thus being facilitated. 

The pieces are then steamed and bent on simple frames, 
and tied into bundles of 10 to 15 pieces for sale. Wooden 
rings are made wider than the frames, but only ^rd of their 
height. The bottoms of the sieves are fixed between the 
frame and the ring. 

The sides of measures for fruit or dry goods, and of drums, 
and other round articles, are split radially from billets of beech, 
sallow or oak, from which all defective heart wood and the 
younger zones of sapwood have been excluded. They are 
split with the divider, worked smooth on the cooper’s bench, 
steamed and bent around frames. They are then sorted, and 
gold in assortments like sieve-frames. Young stems of ash 
also are used for this purpose, as well as for making tennis 
racquets. 

The band-box maker uses chiefly spruce and silver-fir wood, 
less frequently larch, sycamore, and sallow wood. Wood for 
drums and for boxes shaped like drums to contain fruit, etc., 
are made of oak and beech, cut radially out of blocks. They 
are fastened by rings of split wood. Butts of straight-grained 
wood are cut into the proper lengths, and split into from 4 to 
6 billets; after these are thoroughly dried, they are split 
gradually by successive bisection into pieces of the required 
dimensions. 

Then the pieces are pla&ed carefully, softened in boiling 
water, fastened over frames, and when thoroughly dried are 
fastened together by wooden bands. The bottoms and lids for 
each box are made in a similar manner. 

Oblong lucifer match-boxes are made chiefly at Jonkoping 
of aspen-wood by means of machines, which cut out a piece 
large enough for a box, and press dents into the wood wherever 
a side has to be bent inwards. In the absence of aspen-wood, 
wood of lime or poplar is used in Germany for these boxes. 

Strainers for beer and vinegar are made of hazel, and in its 
absence of hornbeam and beech. The wood is steeped in water 
till it has lost its colour. 



604 


INDUSTRIAL USES OF WOOD. 


4. Wood-Wool 

Wood-Wool may be mentioned here, which is made from 
even-grained wood, chiefly coniferous, though any species of 
wood may be used, in round pieces 1 to 2 feet long, and is 
used instead of hay, seaweed, etc., as packing material ; for 
stuffing chairs, and other furniture ; as stable litter ; for pre- 
serving ice, and in surgery, etc. Also it is made into ropes. 

Yilleroy, in Shramberg, compresses very fine wood-wool 
under high-pressure into a sort of papier-mache, which is very 
durable and is used for rules, carvings, ornaments, etc. 

5. Round Pieces of Wood. 

Slender pieces of wood are used for making handles for 
paint-brushes and pens, flower-sticks, etc., also wooden thread 
for making lucifer-matches and other articles. Fissile straight- 
grained sprucewood is used for these purposes. The pieces 
used for paint-brush handles, penholders and flower-sticks are 
in section either round, semi-circular, oval, or quadrangular, 
and of various lengths up to 5 feet. They are prepared by 
machines from wood in the rough. Grasenau, in Bavaria, is 
one of the chief seats of this industry. 

[Beechwood is made similarly into round pieces from the 
size of a pencil to that of a flag-staff, and also into conical 
spigots, at Villers Cotterets, in France, square pieces being 
pushed through a system of revolving planes, and coming out 
round.— Tr.] 

Wooden thread is now prepared on a large scale, either in 
round pieces of sprucewood 8 to 30 feet long, or in short 
pieces, used for lucifer-matches in Germany and Sweden. 

The round pieces, usually of ioch (2 mm.) thick, 
are made only from the finest grained sprucewood, and thus 
the refuse of musical instrument wood may be utilised. 
They used to be made by manual labour with Bomer s plane, 
which, instead of an ordinary cutting blade, has a blade with 
a number of funnel-shaped grooves, each of which euts-out a 
cylindrical thread. After a layer of thread had been planed 
away, the wood was planed smooth by means of an ordinary 
plane, and then a fresh layer of threads removed. 
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At present manual labour has been replaced by machinery 
constructed on the principle of Komer’s plane. The threads 
are then woven with stout twine into blinds, floor-coverings, 
table-covers, etc., and in tropical countries are specially 
useful for chicks, which, hanging before doors and windows, 
allow sufficient ventilation, while excluding the glare of sun- 
light and insects. 

The short pieces used for Incifer-matches are made from 
the most various woods, especially those of spruce, Scots pine, 
silver-fir and aspen. They are prepared in factories according 
to three different methods. The oldest method, and that still 
most usual in Germany, is by means of Homer’s plane, which 
in this case is perforated by twenty-five to thirty little cutting 
tubes, one above the other, through which the wood is forced 
by the workmen. The serviceable pieces are separated by 
inachinory from the unserviceable pieces, and placed 500 
together in boxes, which arc fastened by rings into large 
bundles containing several thousand pieces ; a workman can 
prepare 200,000 pieces in a day. 

Another method is employed in Sweden, only aspen-wood 
being thus used. The round piece of rough wood, 1 J feet long, 
is softened in water and fixed between the points of a lathe, 
and the wood is then turned against a blade which peels-off 
from it a long piece H feet broad, of the thickness of a match. 
This is then cut and split by machines into separate pieces, 
each the size of a match. The Jonkoping factories alone used 
up, in 1883, 280,000 cubic feet of Kussian aspen-wood for this 
purpose. 

Pieces with a quadrilateral section are prepared after a third 
method, machines similar to those in use for wood-wool being 
employed. 

The manufacture of lucifer-matches is steadily consuming 
more and more wood ; there are factories, which for 
matches and match-boxes, consume 200,000 to 300,000 
stacked cubic feet of wood annually. Thirty-five stacked 
cubic feet of wood will yield 2,000,000 lucifer matches 
2 inches long, weighing 3f cwt. The yearly requirements 
of Europe in this respect are estimated at more than 
14,000,000 cubic feet of wood. 
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6. Trenails. 

Trenails are wooden pegs of various sizes, the largest 
being used in shipbuilding and smaller sizes by the cabinet- 
maker and joiner, for fastening pieces of wood together ; tlie 
smallest kinds are used by shoemakers. Ships’ trenails are 
in lengths of 4, 8, 16, 28 inches, to 3 inches thick ; they 
are made of robinia, ash and mulberry-wood. Thirty-five 
stacked cubic feet yield on the average 200 trenails. Trenails 
used by joiners and cabinet-makers are made of the wood of 
oak, fruit-trees, beech, and even of coniferous wood, besides 
that of robinia and ash. Shoemakers’ pegs are made of 
birch, hornbeam and sycamore. 

The largest kinds of trenails are made by machinery as 
follows : — A round piece of wood is cut to the length of the 

nails, and then placed on 
a a sliding frame, which 
forces it against the 
cutting-blade. It is thus 
split in one direction, and 
then turned through an 
angle of 90 deg. and split 
again. The split pieces 
are then pointed conically 
by machines. 

Shoemakers’ pegs are made similarly, only here, as in 
Fig. 343, the points are made by means of planes running 
first along a 6, and then along a c. The pieces are then split 
vertically (a w). There are factories in Silesia where annually 
35,000 cubic feet of wood are made into shoemakers’ pegs. 

Large numbers of wooden toothpicks are made at Weissenfels 
and other places, of soft, white wood, chiefly willow. 

[6,000 to 12,000 trenails are made daily at a factory in 
Walsall, besides 6,000 to 8,000 railway-keys. Large straight 
oak logs are used. — Tr.] 

7. Lead-Pencils. 

The best wood for lead-pencils is the so-called cedar (Mii- 
•perns viroiniana^ L., and J. bermudianUf L.), but inferior 



Fig. 343. 
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pencils are made of the wood of lime, spruce, Cembran pine 
and poplar. The wood is partly split and partly planed into 
shape. 


8, Wood for String Alusical Instruments, 

Split wood is used for making violins, violoncellos and other 
string-instruments. As steamed woods more or less curved 
and pressed into shape are required, only split wood, but not 
sawn wood, can stand the strain. The fronts and backs of 
the instruments are made of spruce and silver-fir wood, and 
their sides of sycamore. As regards fine zones and uniform 
structure, wood of even superior quality to that used for 
pianofortes is required. The zones in the wood for violins 
should not exceed 1 to 2 mm. (< 2 ^ to inch); for double- 
basses and violoncellos it may be coarser- textured, 2 to 4 mm, 
(iV fi filch). 

The higher the key, the finer the woody zones should be. 
This valuable wood is steadily becoming scarce. Up to the 
present it has been obtained from selection forests, in which 
the suitable trees are found disseminated. It is rare that an 
entire stem can be used for making musical instruments, only 
the fine-zoned external parts of it being suitable. These 
pieces are imported in split sector- shaped pieces, from which 
the core has been removed, in lengths of 16 to 30 inches for 
violins, or of 40 to GO inches for the larger string instruments. 
Grasenau (in the Bavarian Forest), Mitten wald (in the 
Bavarian Alps), and Markneukirschen (in Saxony) are the 
best known markets for these goods. 


Section XIL— Window-Frames. 

Glaziers formerly used chiefly oak wood for window-frames ; 
less frequently, wood of sweet chestnut, elm, larch and Scots 
pine. More recently, in large towns, the better kinds of 
Scots pinewood [or teak.— Tr.] have replaced oak for this 
purpose. The glazier requires oakwood of similar quality to 
that used by the cooper ; generally it is sawn, with a nearly 
square section, or is taken from the refuse wood after splitting 
staves, or is split from billets. Sawn oak planks are used for 
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the larger windows. The advantage of split wood for this 
purpose is that it warps less than sawn wood. Coniferous 
window-frame wood comes into the market ready prepared hy 
machinery. Iron is steadily replacing wood for windo\Y- 
frames, especially in windows of shops and other largo 
buildings. 

Section XIIL — Wood-Cakving. 

The wood-carver is represented by a whole class of artizans 
who use a number of chisel-like tools, especially in the finish 
of their products. The following classification of these wares 
is attempted : — 

1. Coarse Wood’Carving. 

All sorts of bowls, plates, platters ; corn, meal, malt, and 
bakers’ shovels ; kitchen -rollers, milliners’ blocks, and stands 
for shops, milk-ladles, wooden spoons, wooden shoes and heels, 
shoemakers’ lasts, saddle-trees, etc. Beechwood chiefly is 



Figs. 314 and 345. — Instruments for making sabots. 


used for these articles and sycamore-wood for cooking 
apparatus; wood of birch, aspen, lime and poplar also are 
used, and boxwood for the finest Bussian wares. 

Chiefly short wooden butts are used, which for the larger 
bowls, platters, etc., should be 3 feet and more in diameter, 
and, on account of their size, are becoming scarce. For 
smaller articles, and especially sabots, or, wooden shoes, the 
better sorts of timber are required. All the timber used 
should split easily, be perfectly sound and free from defects 
and knots. 

As the finished articles must be, above all, safe from warpmg 
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and sufficiently strong, the cuts should be along their lines of 
greatest extension. The butt is therefore split into from four 
to six sectors, from which the core and bark are removed and 
the shape roughly hewn- out with an adze. The further finish 
is given to the articles with special instruments, which are 
bent according to its shape, and of which Figs. 34^ and 34^ 
represent general types. 

The remarkable progress which has been made recently in 
wood-working’ machines favours the idea that handwork on 
rough wood- carving will become in time more and more 
replaced by machinery. The turning-lathe is already largely 
used for round articles, whilst machines have been invented 
by which almost any shape may be given to wooden articles. 

Wooden shoes (sabots) are made by hand, of the wood of 
beech, alder, birch, hornbeam, walnut or poplar, the split 
pieces first being trimmed roughly into shape by a short 
hatchet and then finished with various curved instruments. 
Trees 2 feet to 2J feet in diameter at height of chest are 
preferred for this purpose, In order to give the shoes a dark 
colour and preserve them from splitting whilst being gradually 
dried, they are smoked. The finer kinds are made of poplar, 
or willow, and blackened. The Departement of Lozere, in 
France, alone produces 600,000 pairs of wooden shoes yearly. 

Wooden soles {galochea) for leather boots, and W'oodeii 
pattens and clogs, are made largely in France and Saxony by 
ipachinery. ' Clogs are made in Britain of alder. Shoe- 
makers’ lasts are made chiefly of horn beam- ’wood, and failing 
that of beech or sycamore ; there are large factories of these 
articles in Bohemia and Saxony, in which machinery is used. 
[Wooden heels of women’s boots are made extensively in 
Normandy. — Tr.] 

Broom-heads and brush-backs are made chiefly of beech and 
cherry-wood. They are made chiefly at Globensteiii in the 
mountains, at Esslingen, and at Todfcenau in the Black 
forest, where ^25,000 to i£80,000 worth of broomheads are 
made yearly. [There is a small factory for brush-backs at 
idlers CotterMs. — Tr.] 

Wood is used mostly green for rough wood-carving, as it is 
then easier to work. 
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2. Gun-stocks, Wind-Instruments, etc. 

For gun-stocks and pistol-stocks, wavy wood of walnut, 
maple, birch, elm and sycamore is used, chiefly from the 
lower part of the stem and the roots. Beech wood also is used 
for inferior muskets. [American walnut-trees were sold at 
^40 each for this purpose in 1898 (Laslett).— Tr.] The 
various wind-mstruments, clarionet, flute, fife, etc., are made 
from boxwood, and wood of ebony, birch, service-tree, maple, 
and grenadil ; wooden pipes from bruydre {Erica arhorea, L.), 
alder, maple, birch and sycamore. All the wood used must 
first be dried, and again from time to time laid aside to dry 
during the making of the instruments, or it would soon warp. 
Klingental and Markneukirchen in the Erz mountains are 
the chief places for the manufacture of flutes, etc, 

3. Children's Toys. 

Enormous numbers of these pretty articles are made hy 
dovetailing little cut pieces of wood, also by the turning-lathe 
and hy carving. Sprucewood chiefly is used, between 60 to 70 
per cent, of the whole, also wood of lime, oak, aspen, birch 
and alder. Begarding the importance of this trade, it is 
noted that at Olbernhau in the Erz mountains 1,000 to 1,500 
tons, worth ^35,000, are made yearly. The work is done by 
manual labour and by machinery ; and there are factories 
where only one special toy is made (for instance, toy-guns). 

Little animals which are afterwards painted to imitate 
nature, are, in the Erz mountains, split-out from rings of 
sprucewood, which have been turned on a lathe, so that the 
animals are roughly formed along their radii. 

This vast industry? of which Germany had for many yefti’S 
a monopoly for the whole world, has now taken root in othei 
countries, under protective duties, and toys are now expoite 
largely from America, 

4. Artistic Wood-Carving. 

The art of wood-carving attained its highest perfection m 
the 14th and 15th centuries a.d., but after a long slumber has 
revived recently. Moderately hard, fine and homogeneons 
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woods are most suitable for this purpose, in whieh neither the 
annual rings nor the medullary rays are too prominent. 

Limewood is best, and then comes the wood of sj^camore, 
horse- chestnut, walnut and fruit-trees, Oakwood is much 
used for carving, mountain and Cembran pine wood for inferior 
work. Besides carvings in which human figures and beasts 
are imitated, ornamental furniture is made largely, also frames 
for mirrors, clock-cases, etc. 

Numerous smaller articles, such as ash-trays, salad-spoons 
and forks, paper-weights, napkin-rings, photograph- frames, 
etc., are produced in large numbers. There are now places, 
.such as Oberammergau, Berchtesgaden and Salzburg, where 
wood-carving, fostered by schools of art, forms the chief 
occupation of the people. 

[Fine wood-carving has long been a speciality in India, 
and very valuable art-furniture is now made in the Punjab, 
Burma, and other provinces. — Tr.] 

A special form of wood- carving consists in the large wooden 
type used for advertisements, notices, etc. Pear and apple- 
wood, sycamore and boxwood are used chiefiy, and this 
industry has its principal seat in Switzerland. 

[Wood-engravers use almost exclusively boxwood for their 
plates to illustrate books and newspapers, and this wood is 
steadily becoming rarer, selling at from i!20 to ^30 a ton 
ill London. There is a considerable area of boxwood forest in 
the Himalayas, the protection of which is highly advisable ; 
the wood is used chiefly for making combs. — Tr.] 

Section XIY. — Turnery, 

The turner employs hard, homogeneous wood capable of 
being polished, and besides using many exotic woods, such as 
box, ebony, etc., prefers the wood of beech, sycamore, horn- 
beam, service-tree, birch, aspen, yew, walnut and fruit-trees. 
Chiefly split pieces of wood are used and the turner purchases 
round butts or split billets. 

Although the demands the turner makes on the forest are 
only small, it is interesting to give an account of some of his 
^ares. Large wooden screws for wine or oil-presses are 
made of the wood of pear, apple or hornbeam ; for mangles 

R B 2 



6U 


INDUSTRIAL USES OF WOOD. 


for pressing linen, of the same species, and also of sycamore, 
service-tree and beech. Turned legs and other pieces for 
ornamental furniture are chiefly of walnut- wood. Hat-moulds 
are made of lime or alder- wood ; skittles of hornbeam, pear 
and service-wood ; bowls, of lignum-vitsB {Gnaiacnm ) ; shuttles, 
of boxwood ; reels for thread, of birch and aspen- wood ; spools, 
chiefly of birch [of which 5,000,000 feet of spool-bars are 
imported annually into Britain from America; birch, beech 
and sycamore grown in Britain also are used, — Tr.]; pipe- 
stems, of apple, cherry, plum, maple, etc. ; walking-sticks 
and umbrella- handles of oak or ash coppice -shoots, white- thorn, 
vine-stock, dog- wood, fruit-trees, and many exotic woods such 
as those of olive, greenheart, etc. ; cask-taps, of pear, apple, 
yew, larch and Cembran pine ; bungs are made of split oak- 
wood and inferior sprucewood. 

Wherever these articles are made in factories, the demand 
on neighbouring forests may be considerable ; as, for instance, 
for spools, wooden buttons, bungs, bandies for tools, etc. 


Section XV. — Plaited Wood-work. 

This section may he divided into basket-work, and plaited 
wood-work properly so called. 

1. Basket-Work, 

The basket-maker prepares wares of all shapes and dimen* 
sions, from coarse hampers, fish-traps, etc., to the finest kinfls 
of baskets. The materials used are osiers, chiefly of Salix 
viviinalis, jmrpurea, rnhraf amygdalina, triandra, Lavibertiana, 
pruinosa, etc., also shoots of birch and of climbing plants, and 
the finer roots of Scots pine, mountain-pine or larch. The 
best osiers are thin yearling shoots, free from branches, about 
six to eight feet long, with white, soft wood ; one or other kind 
of willow is preferred, according to locality, but S, vimimlis 
and amyf/dalina, purpurea and mbra are the best esteemed. 

For superior basket-work, the osiers are peeled, which is done 
immediately after they have been cut, when the sap is rising. 

The osiers may, however, be peeled, if they are plunged into 
water at a temperature of from 100 to 120° Fahr., without 
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becoming impaired in colour or texture. After being peeled, 
the willows should be dried thoroughly by exposure to the sun 
and air, or they will turn bluish and become brittle. They 
must be steeped in water when used, in order to recover their 
hexibility. For rough hampers and fish-traps the coarser 
osiers up to J inch thick are used, unpeeled, but freshly cut. 
Coarser baskets are made from unsplit osiers, the thin ends 
being cut-off, so that the thickness of the pieces used may be 
fairly uniform. Finer basket-work is made of split osiers. 
These fine baskets are made over caoutchouc moulds. 
Spanish cane from the Philippine Islands, and split bamboo, 
make the finest basket-work. 

In vine districts a large quantity of osiers are used as withes 
for fastening the vines to their supports. S. rtminalis and 
>S'. alba are used chiefly. 

2 . Wood-plaiUiuf, 

AVood-plaiting is the most highly artificial employment of 
wooden threads, which are woven on a frame into various 
articles. The simplest of these are sieves, mats and carpets 
made of wooden threads at Klein-Cerma, in Bohemia. Silver- 
fir fibres are employed chiefly in strands 10 to 24 inches long, 
spun into threads and woven into carpets. 

The liner kinds of goods are formed of woven material, 
which is afterwards bent over moulds into hats, purses, cigar- 
eases, table-covers, blinds, etc. Alt- and Neu-Ehreuberg in 
Northern Bohemia are the chief seats of this industry, and 
only aspen wood is used, the wood being imported chiefly from 
Poland, and kept in pits under water till required. 

The wood-fibres are prepared by the use of planes with 
numerous longitudinal groovings, and from them the material 
18 woven on looms in pieces ^ to 3 feet long and 2 feet broad, 
i'he threads are sometimes coloured. 

Another way of making textile fibres from wood is to boil 
pieces of sprucewood, 8 or 9 inches long, with gypsum, as in 
Cellulose-factories, so that the wood becomes resolved into its 
ultimate fibres. These fibres may then, like cotton or hemp, 
spun into threads and twisted into ropes. In California 
^tis material is used on a large scale for various purposes. 
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Section XYI. — Wood for Agricultural Purposes. 

A considerable amount of wood is used in agricultural indus- 
tries. These products have one character in common, bein|^ 
used more or less in the rough, or at least without any 
elaborate preparation. The following comprise the chief 
classes ; — 

Pea- sticks, consisting of twigs 1 to 3 years old from various 
broad leaved species, especially beech and birch, are the tops 
and branches of poles and trees that are cut off after fellings, 
in lengths from 2 to 4 feet. 

Be an- sticks are used for scarlet-runners and other climbing 
beans ; they are poles 8 to 10 feet long, and up to about 
indies thick at the base. Coniferous saplings, or straight 
coppice-shoots of broad leaved species, are employed chiefly 
for this purpose. 

Stakes are intermediate in thickness between bean-sticks 
and hop-poles, and are used for all kinds of purposes, chiefly 
to fill gaps in hedges and fences. They are generally 
coniferous saplings and smaller poles. Stakes are used also 
for tightening chains and ropes, in lading timber and firewood 
on to carts. Saplings and small poles of various leiigtlis, 
of oak, ash, birch, beech, etc., are employed. 

Hop -poles, for use in hop-gardens ; chiefly light, straight 
and slender coniferous poles are employed. [Sweet chest- 
nut coppice also yields excellent hop-poles, and has been 
grown largely and profitably in Kent and elsewhere for the 
purpose.— Tr.] Tlie introduction of steel-wire between 
wooden supports has replaced hop -poles in many localities, 
and reduced considerably the demand for the latter. 

Hop- poles are usually placed in 4 to 6 classes, according to 
their dimensions, being from 16 to 40 feet long, and from 2^ 
to 5 inches thick at the base. Generally they are barked in 
order to render them more durable. 

Tree-stakes, to support freshly-planted orchard trees m 
Germany usually consist of coniferous poles cut into length!^ 
of 10 to 20 feet; also old (red) aspen-wood, robinia, and 
other broadleaved trees (ash, etc.) are employed for this 
purpose. 
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[Hurdles and crate-wood.— Much split ash, oak, pollard 
willow shoots and other coppice-wood is required in Britain for 
hurdles, and for crates used in packing machinery, crockery, 
etc. Crate-wood is in great demand for the Potteries.— Tr.] 

Tree -props, which are used to prop up the boughs of 
orchard trees when heavily laden with fruit, are usually of 
the same dimensions as small or middling-sized hop-poles, 
and are made from poles of conifers, also of beech, 
oaks and other trees, several stumps of branches being 
left at their tops to serve as forks and support the laden 
branches. Props for drying clothes are similar. 

Viae-stakes, which are placed in the ground close to vines, 
iind to which the latter are tied, consist usually of split oak or 
coniferous wood, 6 to 8 feet long, and IJ to 3 inches square. 
In Alsace, vine-stakes are split from sweet chestnut and 
robinia stool-shoots 10 to 12 feet long; they are far more 
durable than oak -stakes. In Prance, vine -stakes are made 
even of aspen and willows. Impregnated spruce poles are 
replacing broadleaved wood, especially from Switzerland. 

Wherever, as in parts of the Palatinate, the vines are grown 
very low, and spread more horizontally than vertically, the 
stakes are left in the ground over winter, and only oak, sweet 
chestnut and robinia-wood are found serviceable. In this 
ease, horizontal pieces or bars of wood are nailed across from 
one stake to another, the latter being placed into the ground 
vertically. The stakes are thick split pieces 4 to 6 feet long, 
and the bars split laths 10 to 14 feet long, which are split off 
straight-grained stems by means of a wedge or divider. 
Sometimes they are replaced by steel-wire, 

Wooden Park Palings. — These are employed round gardens 
and parks, and especially in Alpine pastures, and are made 
by splitting round logs 4 to 6 feet long. Inferior kinds of 
Wood are used sawn and generally creosoted. They may be 
driven directly into the ground side by side. [In Britain, they 
are generally nailed to strong post-and-rail supports, and kept 
entirely above ground, the lower part of the fence being formed 
by a plank placed horizontally from post to post. Deer- 
parks require the strongest fencing, and split oak and sweet 
chestnut, or sawn larch or Scots pinewood are used chiefly. 
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Cheap palings are made of chestnut laths bound together with 
wire by a machine. — Tr,] 

Withes for fastening faggots, bundles of corn, oak- bark, 
hemp, etc., are made of coppice-shoots of hazels, willows, and 
different shrubs ; sometimes oak and beech saplings are stolen 
for the purpose. 

Brooms are made usually of young shoots and twigs of birch 
trees, and should be cut before the foliage has appeared. 
Vigorous birch trees afford the best shoots for brooms. 
Brooms are made also of broom, Genista, peeled osiers, etc. 

[In India large quantities of prickly bushes are used 
annually for making temporary dead fences round the crops 
in the dry season, and are used for fuel, or left to rot, when 
the cattle come into the fields to graze on the stubble after 
the harvest in April. — Tr.] 

Section XVIL— Bbfuse Wood. 

The refuse wood, after sawing or splitting has been effected, 
and the bark, are cut by the circular saw into convenient 
lengths, fastened into bundles and sold as kindling material. 
Wood-shavings serve a similar purpose, but attempts have 
been made to press them into briquets mixed with cement 
to form Xylolith. 

Sawdust has many uses, it is burned in specially- made 
furnaces to supply heating-power to steam-engines. Saw- 
dust and cellulose acted on by dilute nitric acid and boiling 
solution of common salt are used for fodder (Weiidenburg s 
system). It is used as litter in stalls and wet places; to place 
in layers between seeds in winter; also between rows of 
seedlings in forest nurseries as a protection against frost ; as a 
packing for fragile goods; with cement, soluble glass and 
gypsum, it is converted into xylolith or papyrolith ; mixed with 
chromium gelatine and immersed in boiling oil it produces a 
substance resembling gum. Sawdust- is used for making 
oxalic acid and methyl-alcohol ; when heated it is pressed into 
briquets, nearly a s serviceable as coal, or it soaked and pressed 
it is easily kindled {Hugendudel system) ; when steamed, it 
may be pressed into permanent shapes. 
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Sub-division 11. — Pirewood. 

The material used for fuel Consists of split billets of coniferous 
wood, resinous pieces of spruce or pine, birch-bark, wood- 
shavings, brushwood of any kind. Briquets of pressed peat 
saturated by easily combustible substances may be substituted. 

Firewood is burned directly for heating apartments, or for 
cooking food, washing, drying, etc. Hardwoods, which give 
out a more lasting, uniform heat than softwoods, are preferred to 
the latter for the above household purposes. For boiling food 
or heating boilers, as in kitchens, hard dense woods are 
preferred ; for baking or roasting, when a quick intense heat 
is required, porous softwood or charcoal is preferable, it is 
not always possible, however, to obtain the best material, and 
wood of all kinds is used for both purposes. The Banish 
Forestry Society has constructed a permanent wood-furnace : 
Beck’s furnace at Copenhagen is the best ; 18 lbs. of wood, 
filled in three times, burns for 36 hours. 

Firewood is still employed in factories, which may be 
classified according as they require hardwoods, as in soap- 
making, laundries, and all factories employing boilers ; or 
softwoods, producing a quickly radiating, intense heat, as in 
bakeries, potteries, brick-kilns, lime-kilns, etc. ; finally, char- 
coal, the heat of which is not only quick and intense, but also 
very enduring, as for the work of locksmiths, blacksmiths, 
glass-makers, etc. 

The utilization of dead firewood also may be considered 
here. Tliis consists of all dry branches and twigs lying on the 
ground, that have been broken from the trees either by the 
natural clearing process of the woods, or by wind or snow ; 
its reduction into small pieces, without the use of implements, 
can be effected by breaking it simply by hand or across the 
knee. Such a strict definition of fallen firewood cannot, 
kowever, be considered as universal ; its inexactness is 
apparent for many localities where dry brancliwood is included 
^bat is still attached to the trees, from which it may be broken 
by hand or dragged down by a hook : in other places are 
included small pieces of wood and roots, that are still repro- 
ductive and have not been dug up, as well as all refuse wood 
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left unsold on the filling-areas ; finally, in still other distvicts 
the collector of dead wood is permitted to cut down and 
appropriate dead standing saplings and poles. [It is abso- 
lutely necessary that for all forest-ranges a local definition 
of the meaning of dead firewood should be made and enforced 
strictly .--Tr.] . 

The collection of dead firewood is very simple : the wood is 
picked up from the ground and wherever the dry branches of 
standing trees are included, they are pulled down by iron 
hooks at the end of long poles, or men climb the trees and cut 
off the dead wood with an axe. The method of collection is 
not an indifferent matter to the forester. So long as dead 
wood lying on the ground only is collected, its, removal is not 
injurious, but its harmless character is gone when hooks are 
used. Important as it is that trees should lose their dead 
branches in order to improve the value of their wood, it is, 
however, most hurtful to remove these branches in an injurious 
manner. It has been stated already (p. 135), that at the 
circular occlusion around the base of a dead branch a small 
depression exists, in which water accumulates and moisture per- 
sists for some time, so that at this place the branch rots quickly 
and eventually breaks off by its own weight, which has the 
greater effect the longer is the leverage of the branch. If such 
a stage of decomposition has not been reached, as in the case 
of all branches that have died only recently, the breakage of 
the branch by the hook leaves a little stump, which only in 
the course of years becomes occluded in the stem. The hook 
should therefore be excluded from all woods that are not yet 
mature ; it is certainly more injurious than the axe by which 
occasionally a suppressed but still green sapling may be 
cut. It would therefore be much better for the forest if the 
hook were replaced by the pruning tree-saw. 

The yield of dead wood varies in quantity according to the 
definition of dead firewood. Whenever only refuse wood and 
dead stems are taken, it amounts to 12 to 15 per cent, of the 
volume of a crop. When the trees stand close together, it is 
greater than when they are far apart, is greater on good than 
on bad soil, it is greatest of all in pole-woods, when weaker 
poles are being suppressed. 
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The utilization of dead firewood is important in national 
economy, for usually its collection and removal is left gratui- 
tously to poor men, women and children ; in many forest 
districts, it forms a servitude on the forest. 

As all fallen wood, if it remains in the forest, is a manure to 
the soil and renders it porous and well aerated, its utiliza- 
tion should be abandoned on poor soils, or on heavy, wet ones ; 
but the increased danger from fire, especially on sandy soil 
in sunny, dry places, renders its removal there advisable. 

Highly resinous pieces from the stumps of felled pines, and 
other coniferous trees are used as torches in mountainous 
countries, as in the Himalayas. 


Sub-division HI. — Utilization of living plants or of parts 
of plants. 

The sale of living plants or of parts of plants has become so 
profitable to the forest-owner, especially near large towns, as 
to deserve nicniion. 

1. Plants with roots, for plantations or parks. They are 
either reared in home-nurseries or purchased from pro- 
fessional nurserymen. They are classified according to their 
and height, but it would be better if both age and height 
were specified, as then the quality of the plants could be 
estimated better. Exotic plants are expensive, partly owing 
to the higli cost of the seed, partly on account of their beauty, 
and partly because the purchasers are unaware of the real cost 
of producing them. 

•2. Plants without roots. Christmas trees (sometimes rooted) 
are almost exclusively conifers, usually of spruce or silver-fir. 
lu Eranconia birches are used ; they are cut at the beginning 
of September, placed in water, and kept in warm rooms, so 
fiiat they are green on Christmas Day. 

Ihe height of Christmas trees varies from 3 to 16 feet, and 
their age from 5 to 20 years ; plants grown in the open have 
the strongest branches and the best appearance. Mencke 
Recommends fencing in areas near large towns for the growth of 
Christmas trees, planting them at the rate of 160 plants an 
acre, and selling them when twelve years old. 
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Suppressed steins of evergreen conifers with flat, scanty 
crowns are placed along the sides of roads in order to point 
out the roadway in times of heavy snowfall. 

3. Small branches of all species of trees, but especially of 
conifers, serve as shelter to delicate plants against sun or frost, 
or for decorative purposes. Near towns the sale of such material 
that is pruned from open plantations is a productive source of 
revenue. They are sold by weight, in bundles, or by the cart- 
load. Holly, mistletoe, etc., are extensively used at Christmas. 

Sub-division IV. — Woods arranged, according to their 
Uses. 

In the following abstract of the technical uses to which wood 
may be put, only its uses as timber are considered. The list 
first contains the European woods, and then the most service- 
able foreign woods. 

1. Woods of Bvoadleaved Trees, 

Oakwood.—Used for superstructures, hydraulie works, 
bridges, ship and boat-building, gate-posts, mill-wheels, 
railway-sleepers, mining timber, joiners’ work, cabinet- 
making ; for Nvheelwrights’ work, blocks, staves, bungs, 
sieve-frames, shingles, trenails, wood-carving, pianoforte- 
making, turnery, window-frames, park- palings, vine-stakes, 
hurdles, rungs for ladders, etc. 

It should be noted that the fine- zoned, easily worked, softer 
wood of the sessile oak. is preferred to that of pedunculate 
oak for all purposes making less demands on size, hard- 
ness, strength and durability. The latter is preferable for 
construction of all kinds, for staves, wheelwrights’ work, 
split-wood, etc, 

Ashwood. — For pillars, stamping hammers, wheelwrights’ 
work, joinery implements, tool- and whip-handles, billiard- 
cues, racquets, hurdles, barrel-hoops, gymnastic apparatus, 
lance-shafts, rudders and oars, thatchwood for stacks. Figured 
ashwood is greatly in demand for furniture. 

Elmwood. — Used by the furniture-maker, undertaker and 
turner, greatly in demand by the wheelwright; for butchers’ 
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blocks and the inner lining of ships, [Elmwood, being tough, 
is used for boxes for tiu-plates. — Tr.] Figured elm wood is much 
esteemed ; the wood of the common elm is iiiore valuable 
generally than that of the mountain elm. 

Sweet chestnut. — Used occasionally in superstructures, also 
for furniture, gate-posts, park-palings, fences and hurdles, 
staves ; makes excellent vine-stakes, hop-polos and 1 loops. 

Sycamore and maple. — Preferred liy the cabinet-maker for 
solid and veneered articles, parquetry, etc. ; by the turner and 
carver, in cotton and jute mills for rollers and spools ; for 
churns, musical instruments, gun-stocks, and ornamental whip- 
handles. Bird’s-eye maple is very valuable. 

Limewood.~For fine carving, founders’ models; used 
under veneer, for wooden basket-work; in pianos and organs, 
wooden shoes, papier-mache, etc. 

Beechwood.— Joinery, for floors and staircases, in mills and 
iniiies (stamping-hammers), railway-sleepers, street-paving 
lilocks, cabinet-making; for furniture, pianos, carpenters’ 
benches, wheelwrights’ work, slack barrels, agricultural 
implements, packing-cases, measures, sieve-frames ; for coarse 
carved work, maltsters’ shovels, wooden shoes, horse-collars, 
gun-stocks, broom-heads, brush-backs, plane- boxes, spigots, etc. 

Hornheam-wood. — Wheelwrights’ work, in mills, machinery, 
turnery, shoemakers’ pegs and lasts, plane- boxes, carpenters’ 
benches, tool-handles, agricultural implements, skittles, etc. 

Birchwood.— Joinery, furniture, wheelwrights’ work, turnery, 
spools, bobbins, wood-carving, brushes, clogs, shoe-pegs, coarse 
carved wares, withes, brooms, etc. Figured bircbwood much 
prized by cabinet-maker and carriage-builder. 

Alderwood. — Used underground in mines, for covering 
damp places, water-conduits; largely used for cigar-boxes, 
riog-soles, broom-heads, toys ; also for gunpowder. 

Fopiar — Eafters and rails, slips for cargo, joinery and 
wheelwrights’ work, packing-cases, coarse carving, matches, 
rigar-boxes, and papier-mache. The white poplar, or Abele, 
also for superior wood- carving and in organs. Aspen for 
^'icifer-matches and paper-pulp. 

Willow, — Cricket-bats {Salix alba~viridis)* basket-work, 

K. Pratt, “ Variations of Salix edba." Journal of Fore.st]'y Oct,, 1907, 
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clothes-peg8, withes, fascines; wood of tree>willows used in 
furniture under veneer, for packing-cases, hurdles, papier- 
mach^. [Being soft and tenacious is used as well as poplar 
for lining carts for carrying stones. — Tr.] 

Robinia (False acacia).— Wheelwrights’ wood, especially 
spokes, rungs, implements, joinery, trenails, vine-stakes, tool- 
handles and turnery. 

Service-wood {Pyrns torminalis)—VHfi([ by turner and 
cabinet-maker, and for wood-carving. {Pyms Sorhns yields 
very finely grained wood, used for set-squares, French curves, 
etc. — Tr.] 

Rowan- wood {Pifvus Aucupana). — Splendid wheelwrights’ 
wood, on account of its great toughness. 

Wild pear (Pyrus — Highly esteemed for cabinet- 

making and turnery, for picture-frames, blocks for woodcuts. 
Figured wood equally prized with that of the cultivated pear 
and apple-tree for veneers. 

Hazel.— Used for hoops, sieve-frames, also by the cahiiiet- 
maker ; for holding chisels to cut iron plates. 

Horse-chestnut, — Used by the turner and cabinet-maker 
and for fine wood-carving. 

Wild Cherry {Priuius Cerasus, L.). — By the cabinet- 
maker, turner, and wheelwright. P, Padns for holding 
chisels. 

Walnut. — Highly esteemed for furniture, veneer, gun-stocks, 
and for frames, wood-carving and turnery. 

Laburnum {CytiiSKs Labiirmivi and C. alpimun). — Splendid 
wood for turning, or for furniture. 

Boxwood, for wood-engraving and turnery, fiutes, measures, 
shuttles. This wood is becoming rare owing to the absence of 
forestry in the Black Sea districts. 


2. Coniferous Woods. 

Spruce. — Superstructures of all kinds, in boats for fresh- 
water traffic. Sawn timber used by the joiner and cabinet-maker, 
by the wheelwright and shingle-maker, for boxes, packing' 
cases, toys, violins, etc., piano-making and organ-building- 
Poles and saplings used for agricultural purposes, ladders, 
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oars, telegraph-posts, fencing, vine-stakes, wooden baskets, 
and paper-pulp. 

Silver-fir.— Used for the same purposes as spriicewood, and 
specially useful in buildings, for pillars, also in Ijydranlic works, 

Scots pine, also termed red -deal. — Used for the same 
purposes as spruce, except for musical instruments, shingles 
and other split- ware; superior to spruce or silver-fir for 
hydraulic works (piles), bridges, railway-sleepers, or mining 
timber; used for all purposes requiring durability; esteemed 
for ships’ masts and spars, spars for windmills, conduit-pipes, 
street-paving, etc. 

Larch. — Used for the same purposes as red-deal, and 
wherever durability is demanded is more highly esteemed than 
the latter. [In Britain for fishing-boats, barges and fences. — Tr J 

Black pine. — More used in hydraulic works and earthworks 
than for superstructures, furniture, etc. 

Weymouth pine, termed white deal in America.— Used in 
superstructures, especially in roofs ; also in cabinet -making, 
packing-cases, etc. Old wood is preferred. 

Cembran pine. — AVood -carving, toys, and cabinet- making, 

[Corsican pine. — Heart wood similar to red-deal.— Tr.] 

Yew {Ta.rns Esteemed for bows, cabinet -making, 

wood-carving and turnery. 

Mountain-pine {Pinus montaiia ). — Turnery and wood- 
carving. [flrect variety yields good building timber. — Tr.] 

Jumper {Janipniis comnmnis ). — Fine wood for turnery and 
wood-carving. 

3. Exotic Woods. 

Teak {Tectona grandis), — The best wood for shipbuilding, 
superstructures ; largely used in rail way-carriage- building, and 
by the cabinet-maker, wheelwright and turner. 

Mahogany {Swietenia Highly-esteemed furni- 

ti^re wood; also used for panels, picture-frames, cigar-boxes, etc. 

Padauk [Pterocarpiis dalbergioides) from Burmah and the 
Andaman Islands. Highly esteemed for railway-carriages and 
cabinet-making, also in saddle-making. 

Hickory {Hkoria alba and other species). — Highly esteemed 
in carriage-making, and for handies of implements. 
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Ailanthis glandulosa. — Eecommended for carriage-making, 
on account of its strength, elasticity and non-liability to warp. 

West Indian cedar (Cedrela odorata). — Best wood for cigar- 
boxes and river-boats. 

Ebony {Dionpyros Khenum, D, Mehtnoxylon, and other 
species).— Turnery and wood-carving, pianoforte keys, knife- 
handles, etc. [Stained holly and hornbeam used to imitate 
ebony. — Tr.J 

Iiignum-vitse {Gmianim o^’ciaa/r).— Bowls., pulley-blocks, 
policemen’s batons; used in gunpowder-manufacture as 
grinding-rollers. 

Jacaranda {Jacavaudd bvasilwisis), — Turnery, inlaid furni- 
ture, etc. 

Rosewood (wood of several species).*— Furniture, pianoforte- 
making, etc. 

GrenadiUaf (West Indies and Honduras).— Used similarly 
to rosewood, and for flutes. 

Horseflesh-wood {C^esalpinia sp. from Bahamas). — \iolin- 
bows, machinery. 

Greenheart {Nectandria Rodicsi, lauraceous tree from 
Central America, South America, and West Indies) —Ship- 
building. 

Violet-wood {Acacia pcndala and A, nomoloiAiylla, from 
Queensland). — Inlaid furniture, boomerangs, etc. 

Satinwood [wood of different species of trees, among others 
Chloyoxylon Siciricma, from Ceylon, ir.] Used for furnituie 
and the backs of brushes. 

Olive-wood {Olea curopiea). — Wood-carving, etc. 

Quebrache-wood {Aspidosperma Quehracho-blanco, from 
Argentina).— A good substitute for boxwood, for wood- 
engraving, also for railway- sleepers. Quehracho-colorado, 
for tanning. t 

American white (or poplar) wood (Liriodewfirou).— Used 
for ebonised show-cases, furniture, carpenters’ benches, etc. 
Takes stains well, and does not warp.— Tr.] 

Briar- wood {Enca arborea), — Boot-stock used for tobacco- 

pipes. , , 

[Lanoewood (Duguetia quitarensis, Benth. of Guiana, and 

* Vide p. 36. t t6. : p. 63fi. 
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OiiaUeria rirgata^ Brazil ?) for fishing-rods, handles of golf- 
clubs, etc, Heads of wooden golf- clubs are of beech, or 
apple.—Tr.] 

Pencil-cedar [Jnniperus virghuana'mdiJ.hermudmna). - For 
lead-pencils, pianoforte-hammers, pipe-stems, turnery and finer 
cabinet-making. 

Pitch pine {Pinm palmtriSf from the Southern States of 
North America).— Splendid architectural wood, resembles the 
best larchwood in durability; ship-building, rail way -carriages, 
less used for furniture. [Pitch pine is the name given in 
Furope to the timber of several pines in the S. States of 
N, America. They are Longleaf-pine (P. ^almiris), Cuban- 
pine [IK cuhends), Shortleaf-pine (P. echimta), and Loblolly- 
pine (P. Taeda). The timber of P. palustns is called longleaf 
pinewood in America, pitch pine being the name of Pinus 
rigida, a tree yielding very inferior timber.— Tr,] 

American cypress [Taxodium disHchuvt ) . — Used for door 
and wall-panelling, etc. Lawson’s cypress wood is considered 
durable in America. 

Oregon or Douglas-fir [Psettdotsuga -Excellent 

for superstructures and ship-building ; also as scantling in 
joinery, for school-benches, etc. [Used by Nansen for The 
Frutn.”— Tr.] 

[The wood of many Australian gum-trees [Kncahjpfm sp.) 
is highly esteemed: thus '^Jarrah” [E. margimta), ship- 
building, railway-sleepers, wood-paving; and ‘‘Kari” {E. 
dira’slcohtr), wood-paving.^ — Tr.] 

Californian red-wood [Sequoia senipervire)i>t)^ price in London 
in 1898, U. 8d. to Is. lOd. cubic foot. 

Kauri pine [Dammara australis), from New l^caland, used for 
flooring, deck planks, etc. Dacrgdinui cnprmiuum also, is 
much used in New Zealand, 

Palmwood, for sticks and umbrella-handles. 

Bamboos for sticks and furniture, basket-work, fishing-rods, 
etc, 

[In tropical countries, for buildings, masts, shafts for 
carriages, lance-poles, milk-pails, etc.— Tr.] 
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CHAPTER I. 

PBOPERTIES, UTILIZATION, VALUATION, AND 

DISPOSAL OP BABK AND ITS CONSTITUENTS. 

Skcijon L— Anatomy of Bark. 

The bark on a yearling shoot of dicotyledonous and gynmcr* 
spennoiis woody species, at the close of the annual growth, may 
be distinguished as outer and inner hark. The outer bark 
(cortex) includes the external coating, termed epidermis, the 
cells of which are covered by a suberous and ligneous, waxy 
layer, tbe cuticle. Through the epidermis there are openings 
(stomata), by which an interchange of gases is effected beUveen 
the interior of the plant and the atmosphere. The epidermis 
contains frequently a strengthening tissue, the hypoderma, 
formed sometimes of collenchymatous cells, the walls of which 
swell when moist. Under the epidermis lie the chlorophyll 
cells, connected together somewhat loosely, so tliat there is 
room betw'een them for the circulation of air. 

Usually in the first year of a shoot, the cells of the 
epidermis or those of the subjacent cellular tissue, or even 
of a deeper tissue, become divided ; the inner half form a cork 
mother-tissue (Phellogen), whilst the outer half are brick- 
shaped cork- cells. The latter lose their plasniic contents 
rapidly and then contain only air, their walls become suberised 
and are impermeable for air and water. Hence all tissues 
outside the corky layer die. In order to replace the stomata, 
a group of cells is formed beneath them, the walls of which 
arc rounded and suberised, so that the intercellular spaces 
between them allow for the passage of air. Tliese groups of 
cells are named lentieela. In a few species, field-maple, 
cork-elm, Phellodendron, and cork-oaks {Qnercus Suher, occh 
dentalis, coccifera^ vanahilis)^ etc., the cork thickens on the 
stem and branches into ridges, or into continuous layers, when 



630 UTILIZATION OF UAUK AND ITS CONSTITUENTS. 


it can be utilised commercially. In most species the forma- 
tion of cork attains a thickness of only a few cells, whilst thin 
layers of cork, with boundaries like oyster-shells, cut off parts 
of the tissues from the deeper layers of bark, which turn red 
or brown, and die. These flakes of bark contain scarcely any 
cork, but are composed chiefly of the tissues of the inner barl[. 

The inner bark of the shoot consists chiefly of the bast, 
named from the occurrence in it of bast-flbrea, hard and 
soft bast. The former consist of very thick-walled, elon- 
gated cells, which are sometimes solitary, sometimes in zones, 
that alternate with zones of soft bast (Tilia ) ; they are rarely 
absent from the inner bark. Most of the inner hark, how- 
ever, consists of soft bast, composed chiefly of sieve- tubes and 
bast-parenchyma. The sieve- tubes are organs analogous to 
the vessels of the wood, but are filled always witli aqueous, 
plasmic contents, which by slow movement supplies nutriment 
to the tissues. The bast-parenchyma, partly in strands 
parallel to the axis (longitudinal parenchyma), partly in 
horizontal bundles (medullary parenchyma) being a continua- 
tion of the medullary rays of the wood, serves as a reservoir 
for starch, sugar, tannin or turpentine, hut also passes over into 
other tissues. Thus, in many parenchymatous cells, crystals 
appear of oxalate, or more rarely, of carbonate of lime, wliilst 
the plasmic contents disappear and the cell dies and is termed 
a crystal-sac. Tannin accumulates in other parenchymatous 
cells (tannin-sacs), as a refractive solution ; in medulla) y 
parenchyma, ethereal oils, such as turpentine, camphor, 
increase continually in quantity, whilst the other contents of 
the cell continually diminish (turpentine and camphor sacs). 
Often parenchymatous cells hecome converted into scleren- 
chymatous or stone cells, their contents becoming attached 
to their walls as a thickening, while tlie cell becomes either 
spindle-shaped, or stellate, only a small part of the lumen 
remaining. Sometimes the medullary-ray cells become atony 
when they emerge from the wood, supplying an internal union 
between bark and wood (beech). 

Elongated cells containing latex (fats and oil suspended in 
water), also sometimes traverse the bark and are termed 
latieiferous ducts (f^ tews) ; their contents are very important 
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commercially. In conifers, turpentine is elaborated, partly in 
the interior of the parenchymatous cells, where it continually 
increases (resin-cells), partly in spaces (resin-ducts) between 
closely-paclied parenchymatous cells. The outer bark possesses 
only vertical resin -ducts, the inner hark only horizontal ones, 
which are continuations of those in the medullary rays of the 
wood. 

The dead bark, or rhitidome, arises from the above cell- 
forms by the scale-like formation of cork ; rapid growth in 
thickness, warm localities, insolation, open crop of trees, tissue 
tension at the base of branches, etc., favour the early forma- 
tion of rhitidome and the scaling off of bark(*). At the 
junction of the inner bark of the wood is the cambium, 
which forms outwardly the organs of the inner bark. The 
bark of monocotyledonoiis woody species, such as palms and 
bamboos, is confined to a few layers of cells, under which, 
without any cambium, lies the so-called wood, resembling pith, 
but traversed by strands of wood. The superficial cells are 
strongly silicified ; there is no formation of cork. 

Section II.— Chemical, Physical and Economic Phopeuties 
OP Bark and op its Constituents. 

For the sake of brevity the above will be discussed together 
with the utilization of the bark. 

1. Properties, Utilization, Valuation and Disposal of Bark. 

The young green bark of our woody species has little 
durability ; as a rule, in the first or second year the green 
colour is lost when cork is formed, so that reddish, yellow, 
brown or grey tints prevail. In using saplings of oak, dog- 
wood, hazel, etc., for walking-sticks or umbrella-handles, the 
colour, lustre and scent of the bark are important. In species 
of palms and bamboos, the external bark becomes in time 
very durable owing to its gradual silicification. The rind of 
bamboos is coloured most variously, according to the species 
and variety of the plants ; it has yellow, brown or black specks 
or stripes, which render bamboos attractive as fishing-rods, 

* H. Mayr, “ Die Sekretionsorgane der Fichte und Liirche Hot, Zentrai- 
1884 . 
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sticks, or for light fancy furniture. In particular a red colour 
is prized, that affects the outer rind of a bamboo after 
exposure to smoke in a chimney, or it has been kept in huts 
without chimneys. 

As soon as rhitidome or dead bark is formed, and bark- 
scales appear on the exterior of some of our trees such as 
larch or pine, the tannin in them becomes oxidised and turns 
red or brown, resembling the transformation of living sap wood 
into drier heartwood, that ns dead in conifers. In trees such 
as beech, hornbeam, silver-fir, etc., where rhitidome is not 
formed, or is formed only when the trees become old, the bark 
is usually grey, owing to its incrustation by lichens; in birches 
the white betulin gleams through the cell-walls. 

When the bark- scales become red the durability of the bark 
is increased considerably, just as is the coloured heartwood; 
if the cortex is wounded the tissues exposed to the air redden 
rapidly, a process of oxidation that protects the \YOund, the 
protection afforded being increased by the subsequent provision 
of a layer of cork. This explains the great durability of very 
thick barks ; as, however, the thick harks of oaks, larch, old 
pines and Douglas- firs, are separated with greater difficulty in 
large, regular pieces from the stems, than from those with 
thin and small scales ; it is the latter, e.g., spruce and birch, 
which are peeled during the life of the trees, and used for 
covering roofs that are exposed to the rainy west wind. The 
birch produces a scaly or stony bark only late in life, and 
owes the great durability of its bark to the betulin in its cells. 

The beating-power of the bark is less than that of the wood, 
even in conifers, in which, according to Mayr’s investigations, 
there is more resin than in the wood ; the coarser the hark, 
the better it is as a combustible. It is peeled off fallen trees 
in summer in large flakes, about one meter long, or is hacked 
or beaten off them in winter, and used as combustible bark. 
This bark is piled in stacks and sold, or given unmeasured to 
poor people, or to the wood-cutters. Owing to its greater 
heating-power, birch -bark is used as kindling material, as is 
very resinous pine wood. 

Thick pieces of willow bark {Salix alha), which is very 
light, serve as swimmeis for fishing-nets; fresh spruce bark 
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with a scent of turpentine, which luay be increased by pouring 
turpentine on it, is used for catciiing bark-beetles ; birch-bark, 
owing to its white colour, toughness, durability and heating- 
power, is used extensively in the north of Europe, America 
and Asia ; small artistic articles, also useful boxes and vessels 
are made of hark ; cherry bark is especially ornamental. 

Section IIL—PiiOPEimEs, etc., of the Constituent 
Parts of Bark.* 

A. Tanning Materials. 

Tanning materials in the form of weak acids of various 
composition are widespread in all parts of plants throughout 
the vegetable kingdom ; they contain less carbon and oxygen 
than other carbo-hydrates. Gallic acid or true tannin comes 
from the galls on our oaks, as well as on Qnemts iufectoyia, 
and from other galls. 

Tannin is an amorphous substance with an astringent 
taste, soluble in alcohol and water ; according to their origin, 
tannins from oak-bark, from oakwood, from spruce-bark, from 
catechu, etc., may bo distinguished: they form salts with 
inorganic or organic bases (alkaloids) ; solutions containing 
iron are coloured green or blue by these different tannins, so 
that this serves as a test for the nature of the tannin. The 
most important property of tannin is, that, when it acts on 
gelatine, a substance contained in the skin of animals that 
swells in water, it converts these skins into a connected, 
strong, tough and durable material, leather.! When leather 
is made by treating skins with tannin, the process is called 
tanning. 

Leather, however, may be formed in other ways from skins ; 
viz.j by salts of alumina, especially chloride of alumina with 
common salt ; this process is termed tawing and produces 
white kid for gloves, etc. Shamoying employs fats or oils 
and produces soft wash-leather. Tanning also may be done 
With salts of iron, of chromiuin (sulphate or chloride of 
ohromium), of nickel, or by utilizing the electric current. 

* A, Mayer, “ Lehibucb der Agrikultur-Chimie,” oth ed., 1901, 
t Kiicyc. Rrit., Vol. XIV., “ Uoathcr." 
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In general it is true that tanning with hark produces the 
best leather, but it is also the dearest. 

Tannins are found in all plants; many contain large 
quantities in their bark, others in their wood or in their 
leaves and fruits; many plants contain large quantities of 
tannin. All insect-galls are specially rich in tannin ; galls on 
plants, that otherwise possess plenty of tannin, exhibit the 
maximum amount of this material. When parts of plants are 
soaked in water and the latter evaporated, tanning-extracts 
are obtained ; they are very rich in tannin and are mixed 
with water and used for making leather. 

The manufacture of tanning- extracts increases continually, 
for in this way solutions of proper density are obtained 
suitable for hides of different thickness and origin, and the 
business is facilitated and cheapened. A stronger competition 
in extracts from tropical countries may be expected, owing 
to the quantity of suitable plants that these countries pro- 
duce ; when better methods of extraction and purifying these 
extracts have been attained, European tanning industries will 
be beaten in the contest. 

The most important tanning materials come from the 
following plants, the percentage of tannin being given : 


Extract of Quebracho wood, dry . 

68 per cent. 

„ Khizophora Mangle 

58 „ 

„ Quebracho bark .... 

50 „ 

„ Catechu wood {Acacia Caiechi) 

45 to 50 „ 

„ Vohjgonum hymenosepalum (roots) 


Canaigre .... 

42 „ 

„ Pyingado wood (Xylia dolahri- 


formis) 

37 „ 

,, Uncaria Gambir .... 

35 „ 

„ Sweet-chestnut wood* . 

30 „ 

„ Hemlock-spruce wood . 

30 „ 

„ Oakwood 

28 „ 

Natural Contents in Tannin. 


[Indian Gum-kino. {Pterocarpus Marsupium) 

75 ,,-Tr.; 

Chinese galls (Rim semiolata) 

70 „ 


* von. Schroder. 
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Bark of lihuopJwra Mangle (German E. Africa) 
Trillo, husks of the cups of acorns of Qitercus 

40 per cent. 

A egglops 

43 


Knoppern, galls on the cups of acorns of Q. 


pednncidata ..... 

38 


Valouea, cups of acorns of oaks from Asia 



Minor and Greece (Q. Aegylops, etc.) 

38 


Dividivi, legumes of Cresalpinia coriaria 

35 


Bhizophora Mangle and IL nincronata, wood 
Ganaigre, roots of Riunex hymenophylliun, 

30 

” 

von Schroder ...... 

30 


Myrobalans, fruits of Tenninalia Chehula, etc. 
Quebracho Colorado {(JuehrncJna Lorcnfzii, 

30 


Loxopteryginin 

20 


Oak silver-bark, best quality 

20 


Bark of 40 years’ old oak .... 

18 


Garobile, bark of Qiiereus coccifera 

18 


Babla, legumes of exotic acacias . 

Bark of Qnercns densiflora and Picen Knqel- 

17 



vmnni 

16*5 


,, Tsnga Mertcnsima .... 

15’1 


?. Quercua Ilex 

15 


1 , AJnns glutinosa .... 

14;6 


?) PseudnUuga mummaia 

13-4 


;7 Tcrunnalia tomentosa (India) . 

13 


77 Spruce, 25 years old ... 

15 


55 ... 

11 


77 Casuarhia eqnisetifolia 

11 


>7 Shorea rohnsta (India) 

10 


7 7 Willows and Tsuga canadensi,^ . 

10 


>7 Old oaks ...... 

8 


77 Old spruce . . , . 

8 


77 Alnus incana 

6*7 


7 7 Silver-fir 

G 


’7 Qnercus Prinos^ Castanea americana . 

6‘2 


’> Q. alba 

6 


»7 Q. rubra 

4-6 


’> Elms 

4*5 


Sweet -chestnut .... 

4 

77 
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German galls (on leaves) . . . . 

4 per cent. 

Bark of Q. Cerris 

4 

„ Birch 

4 „ 

„ Horse-chestnut .... 

8-5 „ 

„ Ash ...... 

3-3 „ 

„ Beech 

2 „ 

„ Larch 

1'6 „ 


The contents of tannin in the bark of Pi)ivs halepensin, that 
is used for tanning, is unknown. 

[Besides the above substances uientioned by Gayer, Mimosa 
bark from various Australian acacias — chiefly (.4. harpophylh) 
from Queensland, the black wattle (.4. moUissinui), the gold 
wattle {A. Pycnantha), the Tasmanian silver wattle (J. knco- 
phylla) and {.4. cya}wp}tyUa ) — is largely imported into the 
United Kingdom. Sumach, powdered leaves of Rhus coriaria 
from Mediterranean countries, used for Morocco leather. 
At Cape Town, the bark of Acacia saliyna, a naturalised 
W. Australian species, is the mainstay of the tanneries. Hem- 
lock bark {Tsiuja canadensis) is the most important tanning 
material in N. America. Mathey states that Quebracho wood 
imported into Europe from Argentina tends to oust oak-hark. 
The Director of the Kew Gardens says that Quchvachm Loreiihii, 
Griseb. a « card Of cm c) is “Quebracho Colorado,” Quebracho 
Blanco is Aspidasperma Qnehraclio-hlanco, Bchlecht {Apocij- 
naceae)f but is not used for tanning. The decrease in the 
annual export of oak-bark from Erance to the rest of Europe 
has fallen off since 1893 from 55,000 tons to 40,000 tons, but 
the extract of chestnut wood from Corsica and Erench factories 
besides supplying French tanneries is suflicient to leave 38,000 
tons over for annual export. — Tr.] 

B. Tannin from Young Oak-Bark.* 

Tans prepared from the bark of young oak-trees form the 
best possible tanning materials. Extensive forest tracts 

• 14 cwt. of oak-bark, containing 1 cwt. of tannin, are requireU to convert 
into leather 2 cwt, of fresh skins. 2 tons of spruce-bark will i)rotluce the same 
effect. Boppe, op, cU. p, 109. 

Fr. Jentsch, “ Dcr Deutsche Eichensehivlwald ii. seitie Ziiknnft,” 
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stocked with oak-ooppiee are required for its production, 
and both in quantity and quality far outvie the yield of 
older oak-trees. For that reason, a separate account is 
given here of the production of tan from young oak-trees, 
as compared with that produced by old oaks and other species 
of trees. By young oaks are meant both seedling and coppice 
growth up to a limit of 25 years. 

Before considering the mode of harvesting oak-bark, it will 
be useful to give a short account of the various conditions 
which affect its quality. 


1. CoutUtions afediuf} the QiiaUtij of Bark. 

(a) Species.— Oak coppice- woods in Central Europe are 
stocked partly with the sessile oak and partly with the 
pedunculate species. In the best localities for oak-bark, the 
Odenwald, the Bavarian Palatinate, the Hiindsriick, Taunus, 
the valleys of the Neckar, and hills of the Middle and Upper 
Rhine- Valley, it is, with very few exceptions, the sessile oak ; 
only in the lower lands, near the watercourses, docs the 
pedunculate oak take its part in these woods. In the North 
German plain (as in British lowlands), the pedunculate 
oak prevails; also in the neighbourhood of the Harz and 
Siegeii, in Silesia and in most oak-bark coppices in Austria. 
Each of these species yields the largest quantity and best 
quality of bark in the locality that is best adapted for it. 

South and Central Germany, the bark of the sessile oak 
IS preferred ; in this region also it is much the easier of the 
l-wo oaks to peel. 

Quercus ^mhescenSy which thrives in the warm countries of 
Hungary and Slavonia, yields as much tanning bark as the 
^ibove two oaks. Qn evens Ilex in the south of France is 

^f^aiiaged (Hiiffel) as coppice, and is idch in tannin. Boppe 
states that Q. Tozza is useful. The Turkey -oak {Q. Cerris) 
used here and there in Austria for the production of bark, 

on account of its forming, at an early age, a deeply-cracked 
^ ^itidonie, or dead bark, and because its numerous bundles of 
s penetrate the sapwood deeply, and render peeling very 
^ cult, it ia of little value. Of foreign oaks, the American 
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oak Q. rnhra, contains only 4 per cent, of tannin, but in tlie 
west of America, Q, densijioriif and in Japan, Q. dentata^ are 
the chief oaks that yield tannin, 

(b) Climate. — Undoubtedly the chief factor in the produc- 
tion of tannin is the climate. All tanning materials are the 
richer in tannic acid, the hotter the country in which they 
are produced; this is the case with galls and other substances, 
and is equally true for oak-bark. All factors, therefore, which 
heighten the temperature for thetree, southerly aspect, loose soil, 
open crop, increase the amount of tannin in the bark of oak-trees. 

The mild climate of the Ehine- Valley and the adjoining 
districts, especially the Moselle-Valley, Eheingau, the district 
of the Saar and the Odenwald, affords the. best oak-barh 
coppices in Gerinuny. Oak -bark is also produced commer- 
cially in the Silesian hills, Saxony, the North German plain, 
Brunswick, Mecklenburg, etc., but it cannot compete with 
Khenish bark. Many districts in Austria, Hungary and 
France are situated more favourably for successful production 
of hark, which is there produced in fairly large quantities. 
Districts where the vine is cultivated in the open, or where 
at any rate the better classes of fruit trees flourish, may be 
cited as suitable for a remunerative yield of oak- bark.* 

(c) Soil. — The more suitable the soil is for the growth of 
oak, especially when the climate is suitable, the more quicldy 
the oak grows, the more and better tannin does its bark yield. 
It is true that coarse bark comes earlier under such circum- 
stances, so that the rotation must be shorter, the better the 
soil; on a good soil the crop may be denser, as a dense 
crop retards the formation of rhitidome. A wet soil is pre- 
judicial to oak-bark coppice. The mineral nature of the soil, 
at least in good climatic localities, appears to he unimportant, 
and provided the soil is deep, porous and moist, it is indifferent 
whether the subjacent rock is sandstone, granite, schist, 
porphyry, limestone or diluvium. 

(d) Age.— Besides the parenchyma of the cortex, it is esp^- 
cially the longitudinal parenchyma of the bast, in which chiefly 

From the above, it is evident that oak-bark coppice proves more remun^i'^ 
tive in the south of England, Wales and in 1 1 eland, than in Scotland. Uq 
tunately the price is now so low that the production of oak coppice is 
at)andoned in Britain. 
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tannie acid is accumulated. As every year the cambium 
produces a new layer of longitudinal parenchyma and sieve- 
tubes, the quantity of tannin increases until the rhitidome 
forms, when the external cortex is killed by the formation of 
cork, so that much of the tannin is lost. When coarse bark 
begins to form, the mass of bast and consequently of tannin 
remains uniform, as just as much new bast as the cambium 
forms is lost externally in dry bark. At this period it is best 
to utilize the bark, for then worthless rhitidome continues 
to increase. Regarding the factors, which expedite the forma- 
tion of rhitidome, Mayras observations [cf. p. 629) have given 
the most important, which are : rapid growth (favourable 
climate and soil) ; action of sunlight (opeii crop, especially on 
poor soil) ; tissue -tension at the base of branches (production 
ill open, branchy crops), von Schroder, Neubrand and otliers 
have proved the following production of tannin: — 



25 years 

best oak-bark give 

up to 25‘0 per cent. 


40 „ 


, 18‘0 „ 


80 „ 

,, 

, 5-0 „ 


18 ,, 

spruce -bark 

, 5*0 „ 

Ih crops j 

25 „ 


, 12*2 „ 

!B5 „ 

1 ! 

15-0 „ 


i65 „ 

,, , 

M 8-8 „ 


55 „ 

,, 1 

11-0 „ 

Suppressed 55 ,, 


8-0 „ 


(e) Influence of Light. — The efl’ects of exposure to light 
ai’e seen clearly from the above ; too dense a crop, mixture 
With shadebearing trees, overshading by standards, etc., reduce 
the amount of tannin in the bark. Hchuberg states that the 
loss by overshading may be 35 per cent. Neubrand, there- 
fore, recommends that oak limber should be grown on areas 

devoted to the production of bark. 

(f) System of Management. — Coppice, with such a rotation 
iis may be determined from the preceding paragraphs, is the 
sj'stem under which oak is grown to produce tanning bark. 

the maximum yield of the best quality of bark is desired, 
fhe shoots are felled before rhitidome appears ; the rotation 
is shorter the warmer the climate, it varies from 12 years to 
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20 in cooler districis ; fertile soil has a similar influence in 
shortening the rotation. If, however, some timber also must 
be produced, as in many communal and private forests of 
Franconia and Wurtemberg, the rotation is raised to 25 to 30 
years, obviously at the expense of the bark. The shoots iire 
felled close to the ground, the area being left clean-felled, and 
new shoots spring from the stools. If a few standards are 
left, or if some of the coppice-slioots (stannels) are left to grow 
for two or more rotations of tlie underwood, the shoots under 
their shade produce little tannin, so that such a system is not 
calculated to yield a profitable return. 

(g) Condition of Crop. —A pure crop of oak gives the l)est 
quality and greatest quantity of bark ; all other species, 
especially rapidly growing ones, such as poplar, lurch, pine, 
larch, certainly yield valuable timber, but they prejudice tlie 
quantity and quality of tlie hark. Grass or broom denote 
either a poor soil, that should be devoted to a more profitaljle 
crop, or bad management. Preference should be given not to 
a very dense crop, nor to a very open one ; 1,600 to 1,800 
stools per acre form the ordinary crop. After two-thirds of 
the rotation are over, cleanings should be made to remove jdl 
other species except oak, also bent, poor oak-shoots that 
contain little tannin, as Avell as the weaker shoots in tlie 
stronger clumps. The evils of the removal of litter is not 
exhibited so readily in other forest systems as in oak coppice, 
even without this disastrous practice, many oak coppices on 
bad soil are soon exhausted by the repeated fellings, and by 
intermediate agricultural crops (Jhumes) , Pasture also injures 
the crop, but the lopping of leaves for fodder, practised in a 
few districts in the Upper llhine, is worse. 

From numerous data it appears that the bark of the best 
oak coppices in South Germany and Austro-Himgary yield 
15 to 20 per cent of tannin, second-class coppices 10 to 15 per 
cent., and third-class ones 8 to 10 per cent. In North Germany 
the yield is 6 to 10 per cent, of tannin. 

2. Harvesting the Bark. 

The work of harvesting the bark may be divided into three 
parts, preparatory work, peeling and drying. 
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(a) Preparatory work. — As has been stated already, in most 
oak-bark woods there is a mixture of other species with the 
oak. Partly in order to obtain more room and time for the 
business of peeling the bark, partly to avoid deterioration in 
value of the wood of the mixed species if it is cut during the 
season of growth, but chiefly in order to expedite the peeling 
operations, all the mixed wood in an oak-bark coppice is 
felled at a sufficiently early date so that it may be removed 
from the felling-area before the peeling commences. This 
is usually during the winter before the peeling. At the 
same time, in many places, all oakwood that cannot be 
stripped, epieormic branches, and shoots growing more or less 
horizontally along the ground, are removed. In the Oden- 
wald, the side-branches are removed from the oak-shoots, as 
far as the woodcutter can reach with his billhook. 

When also cereal crops are cultivated, as soon as the mixed 
wood has been felled and the soil is no longer frozen, the first 
cultivation of the ground around the oak-stools is effected. The 
sods of grass or heather thus loosened dry better than if the 
work was undertaken only at the end of the peeling, when the 
time for sowing is approaching. Whenever there are standards 
over the underwood, those intended to be felled are marked as 
soon as the mixed wood has been felled. The felling of these 
standards, if they are at all large, naturally stands over until 
the oak- coppice has been felled. 

(b) Season for Peeling. — Oak can be peeled at any time from 
May till the middle of July, but peeling should be effected as 
soon as the buds begin to shoot, which, according to locality, 
is from the end of April till the middle of May,* and at the 
first appearance of the foliage, the bark is peeled most easily. 
In extensive woods, as a rule, the work is commenced after the 
first flow of sap, as soon as the bark is removable, and is then 
conducted as rapidly as possible: firstly, on account of the 
comparative ease with which peeling can be done early in the 
season ; secondly, so that the young shoots may mature their 
^ood before they become endangered by autumn-frosts, and 
finally, because it is probable that there is more tannin in the 

’ In England this is from the third week in April till about the third week 

May, ia Scothmd about a mouth later. A. D. Webster, “ Practical Forestry.” 

F.u, T I 
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bark in spring than in summer, after much of it has passed 
into the foliage and young twigs of the coppice. Theodore 
Hartig states that tannic acid is transformed into sugar soon 
after the foliage has appeared, this begins in the buds and 
continues with the leaf-development. This fact is evidently in 
favour of early peeling. 

The state of the weather has considerable influence on the 
peeling. In damp, calm weather, especially when accompanied 
by light and warm showers of rain, the bark is peeled most 
easily early in the morning and late in the afternoon ; this is 
also the case when the soil is moist, rather than Avhen it is 
dry : in windy, dry or cold w^eather and at midday during hot 
weather, peeling is difficult. The sessile oak is always peeled 
more easily than the pedunculate oak, but the latter may be 
peeled about ten days earlier than the former. Larger stems 
are peeled more easily at the commencement of the season, 
smaller stems at the middle and end of the season. 

In unfavourable localities, where damage by autumn-froats 
is inevitable, the forester is obliged to abandon the whole first 
year’s crop of shoots. Then the injured shoots are either cut- 
back in the following March, making way for a stronger giwvlh 
which repays the loss of the first year’s wood, or the peeled 
oak-stems are left standing till the succeeding winter ; then 
they are felled, and the succeeding crop shoots up early in the 
spring. This custom is followed in some valleys in the 
western Schwarzwald. 

[In order to be independent of the natural movement of the 
sap, H. Maitre, in France, in 1864, adopted with good results 
a system of peeling oakwood after steaming it, the wood being 
removed in billets with bark to the factory and there steamed 
in closed retorts, when bark is easily removed. This system 
was improved in 1871, by de Normaison, an engineer, who 
used for the purpose an apparatus weighing only 5 cwt., which 
supplies a blast of superheated steam. This is used on the 
felling-area, and by the help of three men and a boy, 15 to 18 
stacked cubic meters (10 to 12 loads) can be peeled in a day? 
and yield a ton of bark. A load of wood and 130 gallons o 
water are used, and the cost is about ^2. The advantages o 
this method are, that the wood may be felled in winter when 
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labour is cheap, and that the bark can be removed and stacked 
in dry sheds instead of being exposed to the weather on the 
felling-area. Pieces of wood also may be utilised which could 
not otherwise be peeled. The increased cost of carriage of the 
wood with the bark on has, however, to be considered.* 
Experience in Paris has proved that there is hardly any loss 
of tannin due to this method, and that the leather produced 
by tan from steamed bark is soft and fine, and excellent for 
saddlery, but not so good for the soles of boots.— Tr.] 

(c) Method of Peeling Bark.— The bark is peeled either 
after the stems have been felled, half severed or knicked, or 
from standing stems. 

Peeling felled wood is the method prevailing in Germany ; 
it is followed in the Odenwald, Franconia, the Palatinate, 
Baden, Wiirttemberg and many other districts. The work- 
men, divided into small parties, commence felling the coppice- 
shoots, and should be careful to cut them smoothly and close 
to the ground. All the crop should not be felled at once, but 
only as much as can be peeled immediately. It is reckoned 
that a skilful woodcutter can keep two men employed in 
peeling. It should be a rule, that every evening not a piece 
of felled wood remains unpeeled ; for only from wood which 
has just been felled can the bark be peeled readily, whilst 
from poles which have been lying felled for 24 hours, the 
bark can be removed only by knocking it with a mallet. As 
soon as a lot of oak coppice- shoots has been felled, freed from 
tops and side-branches, and the parts to be barked set aside, 
the operation of peeling is commenced. This is done differently 
in different countries. In the Odenwald, the Palatinate, 
Wurtemberg, etc., the coppice-shpots and all other wood fit to 
he peeled are cut into round billets of the length customary in 
the district ; the workman then takes each billet and removes 
the bark, as far as possible, without tearing it. In order to 
do this, he lays each billet on a stone or log, beats it with the 
back of a small hatchet along a certain line, so that the bark 
opens-out and separates from the wood along this line. In 
case the shoots are to be used in their full length, as stakes, 
^or hurdle-wood, etc., they are supported at one end on a 

• Boppe, op. cii. p. 105. 


T T 2 
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trestle made of forked sticks. In both cases, the bark is 
stripped-off, either in meter-lengths or of the length of the 
billets. Only when the shoots are smooth and the bark easily 
removable, can beating be dispensed with ; the workman then 
severs the bark in a line along the piece of wood and peels 
the latter with his hands and with the peeling-iron. 

In Franconia, felled wood is barked differently, being cut 
into lengths as billets, after being peeled. The shoots having 
been topped are arranged horizontally on trestles to facilitate 
the peeling, and the bark is peeled with an ordinary knife in 



Fig. 346. Fig. 347. Fig. 348. Fig. 349. 


Fig, 350. 


Fig. 351. 


(After Boppe.) 


Implements for peeling bark. 


longitudinal pieces, the full length of the shoots, without first 
being beaten. These strips of bark are then rolled together 
into bundles 60 centimeters (2 feet) long and tSO centimeters 
in girth, and dried. 

In the lower Main valley the shoots are peeled also before 
being cut into billets, the bark being removed in pieces of the 
length of the billet, with the peeling-iron. Then all shoots 
over 8 centimeters (3 inches) thick are sawn into billets, 
whilst smaller pieces are cut into lengths with a hatchet and 
their bark beaten with the back of the hatchet. The use of a 
saw, instead of the hatchet, saves much bark. 

The instruments used in peeling bark vary greatly m 
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different districts, but are of an extremely simple character. 
The most important instrument is the peeling-scalpel {Fig. 346), 
a piece of wood, or bone, shaped like a chisel at one end, and 
about 20 to 80 centimeters (8 inches to 1 foot) long. [In 
France this is made from the tibia of an ass or horse, with a 
sharp steel blade attached to its upper extremity (Fig, 346) Tr.] 
This simple implement is preferable to those made of iron., 
the best of which are : (Fig. 347) a peeling-iron used near the 
river Saar, (Fig. 348) one used near the river Lahn, (Fig. 349) 
Wohmann’s peeling-iron. For felling and removing the 
branches of the shoots, the hatchet (Fig. 350) is used in the 
Odenwald, its back being also used in beating the bark; 
Wohmann's billhook (Fig. 351) is also an excellent instrument, 



especially for peeling bark from standing stems. The shock, 
owing to the beating, loosens the bark from the wood at other 
points besides those beaten, but the peeling is not always so 
easy that the bark can be removed in one piece from the wood 
merely after beating it on one side ; in that case, the billet 
must be turned and beaten all round, and the peeling-knife 
brought into play. In every case, however, beating the bark 
is a rough operation, always causing a loss of tannin, for the 
cambium-zone which holds the most tannin, is crushed easily, 
and if rain should fall, much tannin is washed away ; besides 
this, the beaten places soon turn brown and become much 
sooner mildewed than when the bark is not beaten. Consider- 
ing that the loss of tannin, owing to beating, has been estimated 
at about 20 per cent., it is desirable that beating should be 
abandoned as much as possible, and wherever it is obligatory, 
that it should be done with wooden mallets, and the shoot, 
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which is being barked, supported on a broad log or stone, as 
is done in places along the river Moselle. The smaller and 
knotty shoots always must be beaten, as well as all the thinner 
branches, which in the Odenwald are peeled down to 
1 centimeter in thickness ('4 inch). 

Peeling nicked shoots is customary near Burgen, Aschaf- 
fenburg and the Hundsriick ; it consists, as is shown in Big. 352, 
in cutting the stem (b) half-through and peeling it, after its 
base (a) has been peeled standing. 

A considerable advantage results from this method as only 
a little beating is necessary. Then the bark is peeled, usually 
in long strips, as in the following method. 

Peeling standing shoots is employed at Lorch on the river 


Taunus, in some of the Schwarz wald valleys, many oak-bai'k 
districts of Austria, and in France almost universally. 
'fO The branches are lopped from the stem as high as 
the men can reach, and a strip of bark 2 to 4 centi- 
meters (about an inch) broad is peeled either with 
the bili-hook (Fig. 351), or the peeling- scalpel 

J (Fig. 346). These strips are rolled into loose 
bundles and hung from the trees to dry. The rest 
of the bark is peeled with a scalpel, without 
girdling the tree, and is left hanging on the stem 
Fig. 3.53. iio Generally a ladder is used in order to peel 
the upper part of the stem. Thus the bark is not 
beaten, but that on the branches is not utilized. 

In many districts in Austria, all the bark on standing stems 
is cut longitudinally in strips, and these are then peeled. 
It would be supposed that in peeling standing shoots they 
should first be girdled close to the ground in order to protect 
the roots from being peeled. Often this precaution is omitted, 
not without prejudice, as may be imagined, to the reproduction 
of shoots from the stools. 

[It is now customary nearly all over France in peeling 
oak-bark, to make a circular cut through the bark of the stem 
at a suitable height (say 3J feet) from the ground and a 
similar one level with the ground (Fig. 352) a longitudinal 
cut is then made between these two marks and the bark 
removed by means of the bone-scalpel (Fig, 346) in a single 
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piece, forming a roll of bark, which can then be dried. 
Another strip is removed, as high as a man can reach, and 
then the stem is felled, and peeled in a similar manner, as 
it lies on the ground.— Tr.] * 

It is not decided yet whether peeling felled or unfelled 
stems is preferable, although most foresters prefer the former 
method ; much may be said for and against either. It is 
contended against peeling standing stems, that it is not 
possible to use the bark on 
all branches down to the 
thickness of a finger, for fre- 
quently the upper part of the 
shoots in this method is left 
unpeeled. 1 At the same time, 
to peel standing stems is ad- 
vantageous in economising 
labour ; in better drying the 
bark, which remains hanging 
on the stems, and because 
beating is then unnecessary. 

The chief disadvantage of 
peeling felled stems consists 
in the fact that beating can- 
not be avoided ; in conse- 
quence, the bark depreciates 
in quality and mildews, the 
work is done more slowly, and 
there is a considerable loss 
of bark (about per cent.) 
when the axe is used to shorten the billets ; whilst by peeling 
standing stems, the undamaged bark is obtained in a closed 
roll. 

As regards economy of labour, Neubrand states that a work- 
man at Lorch will peel daily from standing stems 2 J to 4 cwts. 
of bark ; by beating, however, with difficulty, cwt. Neub- 
rand considers beating the worst method, the best being that 
in force in the forest- range of Insbach, near Donnersberg. 

* Poppc, op. dt. p. 103. 

\ [This IB not the gase with this method iii Fi^uice.— Tr. ] 



Fig. 3.34. — Peeling standing stems. 
(After Hoppe.) 
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Here, the lowest part of the bark up to IJ meters (4 feet 
10 inches) is removed from standing stems, which are then 
felled level with the ground, but the stumps not completely 
severed ; the top is removed and peeled by beating, whilst the 
bark from the rest of the stem is removed by the scalpel. 
Such a method is preferable to felling the whole stem before 
peeling, for the quality of the bark is not impaired, and the 
valuable upper bark can be utilised as well as in the other 
method. 

(d) Drying the Bark.— No part of the business of liarvesting 
bark has such influence on its value as the way in which it is 
dried. Any neglect here may cause considerable loss. The 
less rain falls on the peeled bark, and the more quickly the 
drying process is conducted, the better. Observations made 
by Gantter ^ show that rain may deprive the bark of 70 per 
cent, of its tannin, the relative loss being more considerable 
with rich bark than with inferior material. If the rain falls 
at the commencement of the drying process, it is chiefly the 
tannin which is washed away ; later-on, other soluble sub- 
stances in the bark. Undoubtedly rain is more disastrous on 
freshly-peeled bark than on bark nearly dried ; but the effect 
depends also on the persistence of the rain, Tanners fear 
the effects of rain most on dried bark, but probably only on 
account of its consequent loss in weight. The chief point in 
this work is, therefore, to effect the drying of the peeled bark 
in such a way that the almost certain spring- showers may 
cause it to lose as little tannin as possible, and mildew may 
not ensue. The best conditions for drying are to isolate the 
bark from the moisture of the ground, to expose it fully to air 
currents and protect it from spring-showers. It would have 
the best effect on the quality of the bark if light sheds were 
erected in the felling-areas to keep-off the rain. In Hungary, 
Transylvania, etc., bark is heaped on well-ventilated stages 
and protected from the rain and dew by large tarpaulins, 
mats made of reeds, corrugated iron sheets, etc. These 
coverings are supplied, not only in rainy weather, but regu- 
larly every night to keep off the dew. In many places the 
pieces of bark are piled like a roof, or in a pyramidal shape, 
• Handelsblatt flir Waldej zeugnisse, XV. Year, No. 17, 
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being placed, as in Fig. 355, against a horizontal pole sup- 
ported by two forked stakes, the rough bark outside. At 
Lorch, several poles are placed parallel to one another, with 
one end on the ground and the other on a pole supported by 



Fig. 355. — Drying bark on trestles. 


two forked stakes, thus forming a gently sloping stage, usually 
towards the south, and on this the rolls of bark are placed to 
dry ; or the stages may be horizontal, the poles being sup- 

ported by pairs of forked stakes, and the bark placed on it. 



Fig. 3.56.— Method of bark. 


In the Rhine-valley, drying on trestles is most usual, the 
hark being supported on stakes driven crosswise into the 
ground (Fig. 356 ). In this case it is necessary to place the 
^olls of bark so that they overlap one another, and with the 
outside uppermost. The looser they are placed, and the fewer 
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pieces there are on a trestle, the quicker they dry. This is 
undoubtedly a good method of drying bark, as it nowhere 
touches the ground. 

Whenever the bark is allowed to form rolls, the drying 
process is very simple, for generally the rolls are removed as 
soon as they are prepared, and left to dry in well-ventilated 
sheds. If the rolls of bark are not removed till the end of 
the felling, they should be piled in pyramids of five to ten on 
the felling-area. The rolls should be tied loosely together so 
as to admit the air, but the middle of the rolls, enlaced by 
the withes, frequently becomes mouldy. 

AVhen standing shoots are peeled, drying the bark does not 
give any trouble ; the strips of bark remain hanging on the 
trees, and roll-up to such a degree in drying that the inner 
surface of the bast is thoroughly protected against rain. The 
loose pieces are hung-up to dry on the top of the stems. 

Evidently the degree of dryness attained may vary con- 
siderably. Practically, besides the green bark, freshly stripped 
from the tree, traders distinguish air-dried from meal-dried 
bark. Bark is said to be air-dried, when, on bending, it breaks 
easily ; meal-dried, when it has lost all flexibility and become 
brittle. According to Baur, bark, in passing from the green 
to the air-dried condition, loses considerably in weight ; it loses 
from 32 to 49 per cent., according to quality, that from the 
branches losing most weight, and coarser stem-bark the least. 
The loss in weight, therefore, increases with the age of the 
wood, i.e., from the foot of a shoot to its top. In a similar 
way shrinkage of volume takes place, from 21 to 41 per cent., 
according to the part from which the bark is taken. 

In passing from the air-dried to the meal-dried condition, 
the bark loses in weight only 4 to 5 per cent,, whilst it shrinks 
in volume 11 to 20 per cent. Schuberg found a loss of weight 
of 35 per cent, for bark passing from the green to the 
air-dried condition, and a further loss of 14 per cent, in 
becoming meal-dried. 

3, Assortments of Bark and formation of Sale-Lots. 

In estimating the yield of bark, greater care than is usually 
bestowed should be given to the business of assorting the bark 
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according to quality; the forest-manager should go beyond 
customary limits of assortment, and have at any rate two 
classes of silver-bark, for these are the lots which determine 
the value of the produce. This is both in the interest of the 
forest-owner and of the purchaser, and will materially decide 
the results of the sale. 

Dry bark is sold differently in different places. Usually 
larger or smaller bales of it are prepared ; or, as in Franconia, 
it is made into round bundles. 

In the Rhine-valley, three sorts of hark are recognised: 
silver-bark, seconds and coarse bark. Silver-feark {Glamrindef 
Spiegelrinde) is the bark cut from shoots up to 8 centimeters 
(3 in.) diameter, in Wurtemberg, 12 centimeters (4| in.), when 
measured unpeeled ; seconds {Uaitelmule) is from stems 8 to 25 
centimeters (3 to 10 in.) in diameter, in Wurtemberg (4^ to 
10 in.), also the smooth bark from the branches of these 
stems ; coarse bark {Grohrinde) is from branches and stems 
exceeding 25 centimeters (10 in.) in diameter. Silver-bark is 
also subdivided into three classes, No. 1, that from the lower 
part of the stem, No. 2, from its upper part and No. 3, from 
branches. The third class is, however, the richest in tannin, 
sometimes thrice as rich as the first class, although traders 
value them in the inverse order. 

The bales of bark are of various dimensions, according to 
locality. In some of the Rhineland districts large bales 
weighing 30 to 35 kilos (say 70 to 80 lbs.) are usual, which 
hardly can be carried by a man, Tanners prefer the bales to be 
about one meter long and of the same girth ; these dimensions 
are obligatory in parts of South Germany, and each bale then 
weighs about 15 kilos (34 lbs.). 

As soon as the bark is dry, it is made into bales ; this is 
done either by hand or in presses. The important points in 
both cases are to give the bale its proper dimensions and fasten 
it securely so that it may withstand the shocks of ordinary 
transport without opening, or the loss of any bark. Whenever 
the bark is dried on trestles (Fig. 356), the bale is tied as it 
hos on the trestle. The presses used in the Odenwald are 
made as follows:— four stout peeled stakes are driven in pairs 
into the ground at distances somewhat less apart than the 
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proposed length of the bale. Between these pairs of stakes 
the withes and the bark are laid on the ground. Large rolls 
of bark are placed first and piled on either side between the 
stakes. As many smaller pieces of bark as a man can take 
in both arms are then placed in the press between the large 
rolls of bark, until the bale has become about the right size, 
when large rolls of bark are placed on the top and then the 
bale is fastened by means of withes, iron wire, or manilla 
hemp. The whole exterior of the bale consists of the larger 
rolls of bark, the smaller pieces being inside. The fastenings 
should not be too tight, or the bark may crack and break into 
pieces, and the bale become loose ; this is important, con- 
sidering the distance to which bark is sometimes transported. 
Generally the large external rolls will stand fairly tight 
fastening. 

The peeled wood is stacked in the usual manner. 


4. Sale of Bark 

No forest produce is sold so variably as tanning-bark. 
Taking into consideration whether the sale is left chiefly to 
the purchaser, or conducted by the forest-owner; the chief 
kinds of sale are : — of the coppice, by area or unit of produce; 
and of the converted material, by weight or volume. As 
regards the public or private nature of the sale, sale to the 
highest bidder is the rule; but although to the apparent 
prejudice of the forest-owner, sales by private contract are 
not unusual, often before the market-prices of the previous 
year’s bark are known. 

(a) Sale by Area. — The mature coppice is subdivided into 
larger or smaller lots, and each lot, both wood and bark [or 
these separately. — Tr.], is sold to the highest bidder. The 
purchaser of a lot converts both wood and bark at his own 
risk, subject to certain silvicultural conditions imposed on him 
at the sale, and endeavours to dispose of the produce to the 
best advantage. 

As by this method it is impossible to form any correct 
estimate of the value of the crop, it should be absolutely 
abandoned. At Hirschhorn, a sale-condition is enforced on 
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the purchaser of the lots of coppice, that he should sell the 
bark at a fixed price per cwt. to the tanners. 

Similarly, some sales are conducted which provide that the 
forest-owner shall have the converted wood and the purchaser 
the bark, after the latter has converted both the bark and the 
wood at his own cost. This is one of the most usual modes of 
sale and is very convenient, though not always most profitable 
for the forest-owner : for, although the felling and conversion 
is effected under the supervision of the forest staff, and the 
purchaser's workmen must submit to silvicultural rules, yet 
they study the interest of the purchaser rather than that of 
the owner. Good supervision may, however, remedy matters 
in this respect. 

(b) Sale by unit of Produce. — In this mode of sale also, the 
price of the bark is arranged before it is harvested, but the 
felling and peeling is undertaken and paid for by the forest- 
owner. This mode of sale is far preferable to those described 
under (a), and is generally the best to adopt ; the workmen 
are engaged by the forest-owner and will see to his interests, 
and the conversion of the wood will be arranged more 
profitably, as firewood, or timber for agricultural purposes, 
according to the requirements of the case. There is here 
nothing to interfere with the best possible harvesting of 
the bark, and the maintenance of its quality; for if the 
workmen are paid by piecework, according to the weight 
and quality of the bark, their interest in the matter will be 
enlisted, 

This mode of sale has been adopted recently in several 
places in Baden, Wurtemberg and the Palatinate, and in parts 
of Prussia. 

(c) Sale of Converted Material. — Another possible mode of 
sale is when the forest-owner converts both wood and bark at 
his own expense and sells the produce afterwards. This 
method is adopted rarely ; it is mentioned here only in order 
to show how necessary it is to arrange for a purchaser of the 
bark before the felling. If, however, forest-owners were to 
provide large sheds for drying and keeping the bark, the trade 
^ould benefit, and this would lead to the whole bark-harvest 
being conducted by the forest-owners. 
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5. Measures for Bark. 

In selling bark-coppice by area, it is important to know how 
to estimate the quantity of bark that has been harvested. 
This may be done by measuring its rough volume; by weight; 
or indirectly, by measuring the volume of the barked wood, 
from which the yield of bark may be determined by means of 
experimental ratios. 

Measurement by rough volxune is done by the bale. 
Although this method has the advantage, that the bark can 
be removed as soon as it is sufficiently dry, and there is thus 
little danger of any loss of tannin, yet it affords for both 
purchaser and seller such an uncertain measure of the yield, 
that it is employed only to a limited extent. If measurements 
are to be made by bales, not only the length and girth of the 
bales must be nearly uniform, but also the bark must be packed 
uniformly in each bale. 

The best, and at present, the most usual sale-measurement 
is the weight. As soon as the bark is dry it is packed in bales 
and weighed in the forest by means of a steel-yard or spring- 
balance. Everything then depends on the degree of dryness 
of the bark, for green bark must lose 40 to 50 per cent, of 
water to become air-dry. In the interest of the purchaser, 
however, the bark must not be kept in the forest a day longer 
than is necessary, owing to the danger of a loss of tannin. 
Although one might anticipate disputes between seller and 
purchaser as to the proper date for measuring bark, yet 
experience proves that this seldom happens. A prudent 
tanner will allow the bark to remain in the forest no longer 
than is absolutely necessary ; he knows that it is more to bis 
interest to pay for the bark when somewhat moist than to risk 
its being washed badly by rain. 

The third mode of measuring bark consists in measuring 
the peeled wood, and assuming that its volume will bear a 
fixed ratio to that of the bark which has been harvested. This 
custom is followed always in Franconia. It cannot be denies 
that this method has certain advantages, as it saves labour 
and avoids inconvenience, but to it is attached the great 
disadvantage that the ratio between wood and bark varied 
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every season, and neither purchaser nor seller can be certain 
how much bark has been bought or sold. It may be suggested 
that an average yield being maintained matters will adjust 
themselves in a few years’ time ; but on the whole the forest- 
owner will lose, for generally as long as a purchaser is 
uncertain of the amount of bark he will obtain, he will bid 
below its proper value. This is, therefore, the most rough 
and ready of all measurements. 

According to Baur, the average ratio of the bark in cwts. to 
the peeled wood is as follows: — One stacked cubic meter 
(35 st. cub. ft.) of peeled wood will yield— 


Silver-bark 0’91 cwt. 

Seconds 1-69 „ 

16 years old stem bark . . . 1‘45 ,, 

25 „ „ „ . . . 1*95 „ 


6. Yield of Bark-Coppice, 

Jentsch * has calculated the average yield per acre of bark- 
coppice in "West Germany for various rotations and qualities 
of soil as follows in cwts. of bark : — 


Qunlity of CiO|i. 

liiiLition in Years. 

16 . 

IS. 

20. 


! ^ •• • ... ... 1 

GO 

72 

80 

1 2 . 

n; 

55 

«2 

H 



44 

4 . , . ^ ^ ^ ^ ^ ^ 1 

22 1 

20 

29 

■ 

12 1 

1 u 1 

U 


A. Bernhardt gives the following quantities of wood in solid 
cubic feet per acre : — 


Quality of Crop. 

Cub. Feet. 

1 

98 

2 

84 

Z 

70 

4 and 5 

66 

i 


Jcntfich “ t)er Deutsclie Eichenshalwaltiu. seine ZukuiiEt. Berlin, 1899, 
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7. Present Condition of Revenue from Bark-Coppice. 

During the last ten years complaints about the depressed 
condition of bark-coppices in Germany have increased. The 
monopoly of the market, which, according to Jentsch, it 
claimed formerly, has gone ; the tanners now dictate the price 
of bark. This revolution is due to the combined action of 
many unfavourable causes, of which the following are the 
most important An enormous increase in the leather 
industry, now amounting to about ten million hundredweights 
of hides, requires far more tan than Germany can produce. 
Hence there has been a great import of tanning products, viz., 
oak-bark from France, Austro-Hungary, Belgium and Holland, 
as well as of tanning materials from other countries. As a 
result the price of oak-bark has gone down, so that practically 
the revenue of badly situated or badly managed bark-coppices 
has disappeared. The imported materials are either better 
or cheaper, or they are extracts that allowed tanners to give 
up tan-pits, and shorten considerably the period required 
for tanning leather. Besides this, several kinds of chemicals 
have rendered tannin no longer essential for leather-manu- 
facture. The cost of working the bark-coppices has steadily 
increased. 

Jentsch* states that at a price of 4s. 6d. per cwt., with 
15 years' rotation, interest being reckoned at 3J per cent,, 
the annual revenue of an acre of bark-coppices varies from 
10s. 5d. for first quality, to Is. Ad. for fourth quality, while at 
a price of 3s. Gd. per cwt., they are Is. 2d.j to zero. 

Taking one agricultural crop off the land after cutting the 
coppice does not improve the revenue, taking two crops yields 
from 5d. to 28. per acre ; but on the other hand those crops 
deteriorate the soil, and it is uncertain whether the loosening 
of the soil and the consequent improvement of the shoots 
compensate for this, or not. Jentsch asserts that on a good 
soil and by good management (Mayr adds, with a suitable 
climate) oak-coppice is still a paying concern, and that bad 
returns are due to bad management. [In 850 acres of oak- 
coppice, near Tavistock, where climate and soil are suitable 

• Jen tech, “ Der Deutsche Eichenschalwald u. seine Zukunft. Berlin, 
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and the management good, only 2s. Qd per acre ie obtained 
for 25 years’ growth of bark-coppice, wood and bark, the latter 
selling at ^3 15s. Od. a ton, say 3s. 9^/, per cwt.— Tr.] 

In Germany it is impossible to put such a heavy duty on 
imported tanning materials, that the indigenous production of 
oak-bark, worth annually d64, 500,000, can be aided ; for the 
value of the annual production of leather is about £30,000,000. 
Hence the future of the oak-coppice depends solely on improved 
management. This can be effected in two ways : Improve- 
ment in the condition of the coppices, so that more hark of 
better quality should be produced; also by improving the 
methods of harvesting and selling the hark. 

As most of these coppices belong to communes and private 
owners of small estates, it is difficult to improve them, for 
this cannot be done unless the managers have the requisite 
technical knowledge. If the owners of oak-coppice would 
co-operate in the management of large areas, and would intro- 
duce cleanings, thinnings and soil-improvement, while the 
bark is harvested and dried properly and the middleman 
abolished, some improvement might be effected. 

On inferior soil, in localities with cool climates, or on cold 
aspects, oak-coppice is doomed; it must be abandoned in such 
places, and more remunerative systems of culture introduced, 
either by means of agriculture, or by growing trees for wood 
and not for bark. High forest of broadleaved trees, or of 
conifers, [coppice-with-standards of ash or chestnut under- 
wood, and larch, poplar, oak and ash standards. — Ta.] are 
suggested. It is not within the range of forest utilisation to 
propose here any general measures of national forest-economy. 


Section IV. — The Bark of Old Oaks. 

Ah the tanner will pay only a very moderate price for the 
bark from young oak-trees, he cannot be induced easily to 
utilise the inner bark of old oaks or other trees ; considering 
that their cortex and bast are relatively poorer* in tannin than 
that of oak coppice-shoots. 

* The cortex and bast of oaks, 40 to 60 years old, according to WolflE, is as rich 
lu tauaic acid as that of oak-coppice, provided all corky substance is excluded. 
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In some districts in Hesse and Hanover, old oaks are peeled 
standing in the spring, left standing till winter and then felled. 
This method [also employed in the Forest of Dean, — Tr.] gives 
superior timber to that felled in the spring. As a rule, in 
Germany, bark is peeled from old oak trees after they are 
felled, and here also only as many trees should be felled as 
can be peeled in a day. The men engaged in 
peeling, who are employed usually by tanners, or 
merchants, follow close on the w^oodcutters. [In 
Britain, the trees are peeled partly before being 
felled, and the woodcutters, who do ail the work, 
are paid for both operations according to the 
quantity of bark they obtain.— Tr.] 

The workman makes a cut down the stem and 
through the bark with the barking-iron (Fig. 357). 
The bark is then peeled in large flat pieces bv 
means of the iron and the workman’s hands. Jt 
can be removed rarely without constant beating. 
Wherever the bark is sold stacked, the pieces 
are cut to the required length (say one meter). 
The less common method, of peeling staiuliiig 
trees, is easier to effect, although ladders are 
required. 

The most troublesome part of the work is to peel 
the crooked knotty branches, which always must 
be beaten. Sometimes, instead of the barking- 
iron, the common felling-axe alone is used. If 
FUr weather is favourable an experienced workman 

Barkin^r-iron. ^iJI peel 4 or 5 large oak trees in a day. Trimming 
the bark, however expensive it may be, increases 
its value greatly. The more thoroughly the cracked and 
dead outer hark, or rhitidome, which in old trees forms 50 to 
60 per cent, of the bark, is removed from the inner and more 
sappy bark, the more valuable will be the produce ; the per- 
centage of tannic acid in old bark would not be so low as 
compared with young bark, were all the hard outer bark 
removed. Wherever trimming is done it should precede peeling, 
and is effected best on standing trees. 

The peeled bark is carried to a neighbouring blank to 
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l^e dried. For this purpose usually it is placed horizontally 
on a stage made of poles, with the cambium side downwards 
to protect it against rain. As soon as it is dry it is piled like 
firewood between stakes, being well trodden down in the 
stacks. If, as is usually and most conveniently the case, the 
bark is sold in stacks, they should be made by an employee of 
the forest-owner ; in Wurtemberg, bark is packed in bales for 
transport. The bark may be sold also at so much a tree. 

A stacked cubic meter of old oak-bark weighs 130 to 200 
kilos (4 to 6 ewt. per load of 50 cubic feet) and more, according 
to the amount of moisture it contains. More fresh bark than 
dry bark goes to a stack, for it is easier and softer to pack in 
the former case. 

Sale by the amount of peeled wood is more uncertain than 
in the case of young bark, owing to great variability in the 
proportion of bark to peeled wood. There is nearly as much 
tannin in the branches of trees as in coppice-shoots. 

[In England it is considered that 1 ton of bark comes from 
120 cubic feet of wood, and at a ton, the value of the bark 
pays for the felling and leaves some margin of profit over. 
Railway-companies also charge for the bark that is on the 
logs they transport, so that peeling reduces the freight. In 
France, only standards over coppice are peeled, not high forest 
oaks.— Tr.] 

Section V. — Spruce-Bark. 

Spruce- bark is harvested much more extensively than old 
oak -bark, and in eastern and southern Germany and the 
adjoining Austrian districts, when mixed with Knoppern galls, 
valonea and silver-bark, it is used largely for tanning. It can, 
however, be used only in the preliminary stages of tanning, or 
for tanning thin skins ; thick skins are tanned with spruce- 
bark only when largely mixed with other tanning materials. 
As most spruce forests are in mountainous regions, where, on 
ficcount of the climate, summer-felling prevails, and the wood 
ttiust be peeled, owing to the danger of insect-attacks and the 
necessities of transport, many of the difficulties which occur in 
utilising oak-bark are avoided. 

In order to obtain spruce-bark, the felled stems, after being 

uu2 
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cut into saw-mill butts, are peeled with the barking-iron or the 
axe, so as, if possible, whenever the log is not too thick, to 
remove the bark in one piece. The men, however, prefer 
peeling firewood blocks a meter long, to peeling heavy logs 
and butts. The bark is spread out on poles or placed on an 
incline to dry, or arranged as in Fig. 858, the roof-like 
structure thus formed being covered with numerous other 
pieces of bark, and thus secured against the rain. In setting- 
out the pieces of hark to dry, they are bent outwards so as 
almost to break along their middle line, in order to prevent 
them from rolling up, otherwise they would not dry thoroughly. 
As ill all trees, the bark of young spruce contains more 



Fig. 358. — DryiDg sprucc-bark. 

tannic acid than that from old trees; and the bark of trees 
grown wide apart, or in the open, and of trees exposed to the 
south or along the borders of a forest, is richer in tannic acid 
than those under opposite conditions. 

In most countries dried spruce- hark is stacked like ordinary 
firewood and sold by the stack ; a stacked cubic meter (35 cubic 
feet) contains 0‘3 cubic meters (10 cubic feet) of solid bark. 
Well-stacked, smooth, middle-aged spruce-bark, when air- 
dried, weighs from 150 to 175 kilos per stacked cubic meter 
(4^ to 5 cwt. per load of 50 cubic feet). It is sold also by t e 
tree, by the hundred rolls, by the volume of the barked woo , 
or by the drying stack (Fig. 358) containing 12 to 15 pieces 
of bark. Selling by the amount of peeled wood is the simp c® 
method, provided sufficiently accurate ratios between the woo 
and bark have been ascertained ; for wood 80 to 100 years o > 
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this ratio is as 1 to 8 or 12, avsraging 1 to 10. In, yoiingor 
wood the ratio is more in favour of the bark. 

Section VI.— Birch-Bark, 

Birch-bark is more in use for tanning in the North'of 
Europe, especially in Russia ; in Germany, hitherto, it has 
been used only experimentally. It contains much less tannic 
acid than oak-bark, and even than that of spruce, but in the 
north repays harvesting owing to the absence of oak. In 
Germany, it is not used for tanning, but for macerating sole- 
leather, with the object of opening the pores of the leather 
and preparing it to receive tannin. Leather tanned with 
birch-bark is softer and less water-tight than that tanned with 
oak-bark, but it has a lighter colour and a better appearance. 

Birch-bark is harvested in the same way as oak-bark, it can 
be peeled only about a fortnight later than the latter, though 
the birch shoots first. It is easier to peel old birch trees than 
young stems and branches, but they are not nearly so easy to 
peel as are oaks. The few data regarding birch- bark give 65 
to 80 kilos of air-dried bark for a stacked cubic meter of peeled 
birch billets, from trees 20 years old (say 2 cwt. of bark per 
load of 50 cubic feet of wood). 

Section VIL — Larch-Bark. 

Larch-bark is harvested seldom in Germany, but is used 
extensively in Russia, Hungary, and Austria for tanning. 
Accordingly to Wessely, in the Carpathian Mountains and the 
Vlps, it is preferred to the bark of spruce and birch. Probably 
it is unsuitable for tanning sole-leather, but deserves con- 
sideration for tanning calf -skin and \vhen added to other 
tanning materials. Owing to the straightness and freedom 
fiom branches of the larch, it is peeled more easily than oak. 


Section VIIL — Willow-Bark, etc. 

Willow-bark contains a considerable amount of tannic acid, 
esides Salix Caprea and S, alba, the so-called osier- willows 
best in this respect. According to data furnished by the 
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Moscow Academy, the quantity of tannic acid in willows varies 
between 8 and 12 per cent. In Russia, it has for a long time 
been customary to use willow-bark for tanning, especially in 
preparing that flexible, water-tight, shining upper leather, for 
which Russia is so famous. The pleasant scent of Russian 
leather is due to soaking it with birch oil, distilled from the 
white bark of birch. The well known Danish glove-leather 
is also tanned with willow-bark. In Germany, little use has 
hitherto been made of willow-bark, probably on account of the 
small quantity grown. 

Peelings from osiers are dried in loose heaps and used for 
tanning, or as litter for cattle. 

Even the bark of the black alder is used for tanning, its com 
tents in tannin varying from 8 to 20 per cent. (Eitner, Post, 
Councler). In spite of its high percentage in tannin, the use of 
alder-bark is but limited; the tanning liquid decomposes rapidly, 
and the leather is hard and brittle, and of a dark colour. 

Of foreign barks, that of the American red oak {Querm 
rubra) is so poor in tannin that it is unsuited fur bark coppice. 
The barks of Douglas-fir and hemlock- spruce are, however, 
very rich in tannin, so that even on this account their 
introduction to Europe is valuable. 

Section IX. — Cellulose. 

Cellulose from bark, either rhitidome or bast, resembles wood- 
cellulose in its constituents. Bast-cellulose is characterised by 
greater durability than the other cell-formations in bark, so that 
the bast-fibres may be separated by maceration. When they 
occur in clusters, owing to their toughness, they may be obtained 
almost pure by beating the bark. By twisting these bundles, 
they make excellent binding-material (hemp, flax). Even the 
fine fibres of the pod of the cotton-plant [Gowjpium) consist of 
pure cellulose. These forms of cellulose are made into paper. 

Among trees and shrubs, which contain utilisable cellulose 
in their bark, the following East Asiatic paper-shrubs may 
be cited : Edgeicorthia, Broussonetia^ Wickstrbmuii Daphne, 
Skimmia, etc. The first two are cultivated like osiers, and the 
cellulose in their bark made into paper. 
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For this purpose, the shoots are steamed, and the bark 
stripped from them and placed in water-tanks till all tissues 
except the bast-fibres have rotted. The cellulose is washed in 
water, finely divided and separated by fine sieves made of 
split bamboos, so that it forms a thin layer on the sieve. 
After the water has drained away, the thin sheets of paper 
are taken off the sieves and laid on planks to dry. Owing to 
this method of preparation, the cellulose fibres lie alongside of 
one another in the direction of the lines of meshes in the 
sieve, so that Japanese paper can be torn straight only in one 
direction and differs thus from paper made of wood or rags. 
The manufacture of this bark-paper is very important, for in 
Japan, paper is employed frequently in place of woven materials. 

Species of limes contain useful cellulose in their bark, for 
the hard bast-bundles are grouped there tangentially, and 
a zone of bundles is formed yearly. As the soft bast lies 
between these bundles, they can be torn in strips from the 
bark. In order to obtain pure lime-bast, the bark must be 
macerated in water, till the softer tissues rot and the bast- 
bundles alone remain. 

In central France, especially in Chantilly, there are lime- 
coppices for supplying hast, with rotations of 15 to 25 years. 
Also, in liussia, the lime is utilised for bast, which is stripped 
from the trees. It is made into coarsely woven material, into 
sacks, mats, protection coverings, etc., and is used also for 
binding, but for this purpose raffia-fibre is more suitable. 

Hpecies of elms also contain utilisable fibre. 

Section X. — Cork.* 

It has been stated already that cork is formed by a merisiem, 
the cork-cambium or phellogcn, but that for most woody 
species the cork is very thin and is soon displaced by rough 
bark, rhitidome. Only in very few species does cork attain 
a considerable thickness, by annual formations, resembling 
annual zones of wood. Where cork is only in ridges or 
prominences on the shoots or stem of a plant, its only use is 
oniamental (cork-elm, field-maple, XanthoxijloUf etc). When it 

* Boppi, “ Cours de technologie forestifere,” 1887. Mathey, “ Exploitatiou 
conimerciale dea boia.” 
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surrounds the whole stem and is not replaced by rhitidome, 
as in the cork-oaks of the westerly Mediterranean countries 
(south France, south Spain, Portugal, north Africa {including 
Tunis), Corsica, Italy, Sicily and Greece), a material is pro> 
dueed, which in its special qualities, elasticity, lightness, 
softness, durability, impenetrability by gases and spirituous 
liquids, can be replaced by nothing else. 

Cork (suberin) is distinguished from wood by its higher 
contents of carbon and hydrogen; its chemical composition is: 

C ... 66 per cent. 

II ... 8-5 „ 

0 ... 22-8 „ 

N ... 1-9 „ 

The thin-walled cells of cork do not consist entirely of 
suberin, but this substance is stored in large quantities in the 
fine skeleton of lignin and cellulose of their Avails. Every wall 
common to two cells contains a lignified medial lamella, on 
both sides of Avhich is a purely suberoiis layer, and on this, 
forming the innermost coating of the cell, is a thin lamella of 
cellulose. The layer of cork is the thickest of the three 
lamellae; only in thick-walled cork-cells (resembling late-wood 
and formed as late cork in autumn), does lignin preponderate. 

The tAVO oaks (Quercu3 Sither and Q. occidentalis) , in the 
countries already referred to, are subject to a regular system 
of management : the first layer of cork (male cork) is full of 
cracks, unevenness, impurities and stone-cells, and is therefore 
of little use. When the trees are about 20 years old this cork 
is removed by means of a sharp trimming-axe, so that the 
phellogen below is uninjured. Then the phellogen produces 
annually fresh fine layers of cork with visible annual rings- 
This useful, female cork is cut off in layers surrounding the 
stem and a meter long, every 8 to 10 years. In a young tree 
only the lowest section is removed, next time another higher 
section as well, and so on, till the boughs are reached and are 
also stripped of cork. In order not to endanger the life of a 
tree, eventually only one section is stripped in a year. The 
strips of cork are pressed flat and sold. Corks are fut fcom 
these strips, parallel to their length. Thin strips of cork are 
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used in collections of insects, for lining boots, etc. ; the male 
cork is used for floating nets, for decorative purposes, and 
ground cork is used in the manufacture of linoleum. 

There are about 48 trees per acre, yielding yearly about 
1 cwt. of cork ; as the price is about 4d. a pound, 37^. an acre 
gross-revenue is obtained from cork-oak forest. 

[According to Mathey, there are 425,000 acres of cork forests 
in France, a million acres in Algeria and about 200,000 acres 
in Tunis. There are also important cork-woods in Morocco. 
Portugal produces the most cork ; there are cork-oaks also in 
Corsica, Italy, Sardinia, Sicily and Greece. — Tr.] 

It remains to be seen whether useful cork can be obtained 
from Phellodendrou amurense and Qiiercus roriahiUs, from 
eastern Asia. 



Fig. S5y.— Cork osik, Bayonne. Male cork above, female cork 
below. (A. Ifenry,) 




CHAPTEK II. 


UTILIZATION OP THE FRUITS OF FOREST TREES. 

Owing to the present great development of the artificial 
reproduction of trees, the harvesting and preparation of seeds 
is of special importance. This business is carried on exten- 
sively by seedsmen, whose enterprise is occupied chiefly in 
the collection and preparation of coniferous seeds. 

It is proposed here to deal first with the characteristics of 
seeds, then with the conditions under which our most impor- 
tant forest-trees fructify. A number of factors determine the 
fertility of the trees, or the non-production of seed, and these 
require our careful consideration : such are the seasons of 
ripening and of the fall of seeds ; methods of harvesting seeds 
and their subsequent preparation ; storing seeds, estimating 
their value and selling them, for sowing, fodder, for making 
oil, etc. 


Section L— Characteristics of Seeds. 

The fruits of Oaks {Qiiercus)^ acorns, are borne on a cupula, or 
cup, that is composed of scale-leaves ; the ripe acorn separates 
from its cup. In white oaks {Q. pedunciduta, Q, sessUiJiora, 
etc.), the acorn ripens in the year of flowering ; with dark oaks 
{Q. rubra, Q. Cenis, etc.), in the year following the flowering; 
the seed is not fugitive.* The seed of Beech {Faga^) is 
triangular in section, with a leathery brown shell ; there are 
usually two seeds, rarely only one, entirely enclosed in a 
cupula, which opens in four lappets; the husk of the fruit, 
when ripe, bursts in dry weather, so that the unfugitive seeds 
fall to the ground. The seed of the Ash (Fraxinu&) is long 

* The woi'd seed la used here indifferently for seed or fruit, in accordance 
with economic usage. Winged seeds, or fruits, are blown by the wind, as js a 
parachute ; they thus may reach a considerable distance from the parent trees , 
such seeds are termed fugitive, fiugfahig, while heavy seeds are uiifugiti'^’ 
unjiugfahig. 
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and fiat ; it broadens out at one end into a spatuladike wing ; 
it is a fugitive samara, and may be blown off by dry east 
winds immediately after ripening, or later, in winter, by 
westerly winds. The seed of Maples {Acer) is a nut with a 
long stiff wing at one end; the seeds are united at their 
bases; they are blown from the trees by dry winds. The 
seed of Hornbeams (Carpinus) is a hard nut, surrounded 
by a tri-partite scale, and therefore winged ; at first the seeds 
are removed from trees by the wind, later on by their own 
weight. The seeds of Limes {Tilia) are nuts, their stalks 
being united to a stiff, scale- leaf, which renders them fugitive, 
when the wind is strong. 

In Birches {Betala), the little seeds with winged borders 
are samaras, attached with alternate tri-partite scales in cat- 
kins or cones, the segments of which fall (white birches), or 
the cones open (yellow birches), so that the seeds are released. 
They are blown to great distances by the wind. In Alders 
(ibws), the scales of the cones are lignified and liard ; they 
split when dry, and the small flat and scarcely fugitive seeds 
fall out. 

In Willows (Salix) and Poplars (Populus), the hairy seeds 
are formed in a capsule, which bursts when ripe, so that the 
very fugitive seeds escape. In Cherry-trees {Prunus), species 
of Pyrus [such as P. Aria, whitebeam; P, torminalis, wild 
service-tree ; P. Aucuparia, rowan ; P. Sorbiis, the true service- 
tree, and the wild pear, medlar, and crab-apple tree. — Tr.], 
the seeds are surrounded by a fleshy fruit; after the fruit has 
fallen, it decays and sets free the seed. The same is true for 
hawthorn seed {Crataegus). 

Sweet-chestnut {Castanea) has a large seed, that is sur- 
rounded by a spiny cupula; either the entire fruit falls when 
ripe, or the seeds fall from the husk ; the nuts of species of 
Walnut and Hickory {Jug Ians and llicoria) are surrounded 
by green husks, which open on ripening. 

The seeds of Papilionoi'eae {liohiniaf Gleditsia, etc.) are 
enclosed in a pod; when this opens, the seeds fall to the 
ground, or the pods may fall with the seeds in them. 

The seeds of Spruces {Picea) are formed in the axils of the 
scales of pendent cones ; a few months after ripening the 
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scales open in dry weather, and the small brown seeds escape ; 
the seed lying in a spoon-like depression of the wing is fugitive. 
The seeds of Silver- firs (Abies) and of Cedars (CeJms) are 
free, as the upright cone breaks in pieces when ripe ; the seed 
has a wing that is fixed to it firmly. 

The seed of Douglas fir (Pseiidotsuga) resembles that of 
spruce in its mode of formation and escape from the cone ; 
it is fixed firmly to the wing, as in silver-fir. Larch seed 
(Larix) is formed in upright cones, so that when the latter 
are dry and open, the seed cannot escape by its own weight; 
a continued exposure to wind and rain, as well as to strong 
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Seeds prepared for sale. 

Fig. 3G0. 

1. Silver-fir. 2. Scotch pine. 3. Larch. 4. Spruce. 

(Drawn by R, S. Troup.) 

gales, is required, in order to set it free from the cone 
(Weise), the little seed is attached firmly to its wing. In 
Pines {Pimis), cones of the section Pinaster open their scales 
a few months after ripening, in order to set free the seedsj 
which are encircled loosely by the lower ends of their wings. 
Pines of the section Strobus, Weymouth pines, possess a seed 
that is attached to the wing on one side only ; Cembran Pines 
have only a stump of a wing on their seeds, which therefore 
is not fugitive; [the seeds of Piniis Pinea, Cembroides, edtdis, 
Monopkylla and Gerard iana are large and edible. — Tr.]; in 
all pines the seed ripens in the year alter the flowering. 
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Cypresses, as well as Thuya and Chamaecyparis, form their 
small, slightly-winged seeds in little cones, or strobiles, the 
scales of which open soon after they ripen ; in Junipers the 
scales have grown together into a berry ; in Yews {Taxus) the 
nut-like seed is surrounded by a red, fleshy aril. 

Section II. — Dates op Seedbeaking and its Repetition. 

Usually woody species that have the lightest seeds are the 
earliest seedbearers; thus willows, poplars, birches, alders 
and elms are earliest, while oaks and beech are latest ; between 
these extremes come the other broadleaved species. The larch 
among conifers has the earliest seeds, and has also the lightest 
of our coniferous seeds. Where Tlmya and Chamaecyparis 
grow, they have the lightest of coniferous seeds, and normally 
produce seed from very young trees ; silver-fir and Oembran 
pine have heavy seeds, and produce seed later in life. When 
the seeds of two or more species are of about equal weight, 
tliat which is light -demanding bears seed earliest ; thus pines 
produce seed earlier than spruces, and oaks before beech. 

Exposure to light also determines early seed-bearing ; 
trees in the open bear seed 20 to 30 years earlier than the 
same species in a dense crop, the crowns of which are illu- 
minated only at the top. Interruption of cover is therefore the 
best way of inducing a tree in a wood to bear seed. Heat is 
next to light the most important factor ; in warm localities the 
same species bears seed earlier than in cool localities, A good 
soil, on which a tree grows rapidly, delays the production of 
seed, whilst bad soil, where the trees grow slowly, accelerates 
seed-bearing. 

The grower of fruit-trees makes use of this latter property, 
by pruning the trees or by altering the conditions of the soil, 
in order to compel a tree to bear fruit early. 

When the formation of fruit has commenced, it does not 
recur every year, but after definite intervals. R. Hartig has 
explained this periodicity of seed-bearing by the fact, that at 
the commencement of a seed-year, much of the reserve-material 
(starch) of the sapwood is dissolved, so that a number of 
years is required for replacing the starch ; as soon as sufficient 
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starch has accumulated, another seed-year occurs. This 
apparently explains a number of phenomena in seedbearing. 
Thus the period of rest is shorter, the more favourable are 
the conditions of illumination for a tree ; the more the crown 
is crowded and shaded, the longer is seedbearing delayed. 

Increased exposure to heat expedites fructification ; nume- 
rous prolonged observations in Prussia have proved this well- 
known law ; Bernhardt, Weise, Hell wig, v. Alten and 
Schwappach* have shown this to be true. 

Thus, in the warm Ehine provinces, there are good crops of 
acorns every two years, while in E. Prussia, only every six 
years. But for Scots pine, in Brandenburg every two years 
there is a good crop of seed, while in Bhenish Prussia and 
Silesia, only every ten years, so that the law is not true 
always, for age, soil, condition of crops, etc., must be con- 
sidered as well as the effects of beat. 

The following figures are generally true as regards the 
recurrence of seed-years for the same individual tree:— 


Recurrciict; of seeflyears. 

Sjiecics, 

Every 2 years ... 

Willow, poplar, bireli, alder, cypress, elm, common 
pine, larch. 

,, 2 to 4 years 

Hornbeam, ash, maple, lime, spruce, 

11 r) „ 

Silver-fir, Cembran pine, swcet-chcstnut, 

[ 

„ 0 to 10 „ 

Oalc, beech. j 


According to this statement the lightest seeds are produced 
the most frequently, and this is a support of the truth of 
Har tig’s theory. But it must be proved also how much 
reserve material is taken from the wood by a mast, and how 
much seed-albumen is formed in the particular seed-year. 
The weather during the seed-year decides also whether or not 
fruit is formed from the flower. 

Acorn years are distinguished by great heat and drought 
(vintage-years); should two successive, dry, hot years occur, 

• Bchwappach, “ Die Sameiiproduction der wichtigsten Waldholzarten in 
Preussen.” Zeitsch. f. F. u .Jagdwesen, 1895. A remiH of 20 years’ observations. 
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oaks and other trees may fructify in both years, so that in the 
first year the reserve material is exhausted, but is replaced in 
the second year sufficiently for the tree to bear fruit. When 
late frost occurs in a year while the trees are blossoming, 
damp cold weather, or violent gales during pollination, the 
flowers may not fructify. 

Good soil does not accelerate fruit-bearing, until the tree has 
attained the age of fertility ; before this period it is poor soil, 
unsuitable for the species, that determines precocious and 
frequent fructification. All sickly individuals produce abund- 
ance of seed, although frequently this premature seed does not 
germinate.' 

As regards the number of fertile seeds, the light seeds 
come first, and the heavy seeds last, though often the eye 
of the forester is deceived about this when there is a good 
mast-year of oak or beech. 


Skctiot^ III. — Dates of Ripening and Fall of Seeds. 

The dates of ripening and fall of seeds depend chielly on the 
heat of the locality, which expedites both of these operations ; 
dry air also expedites them, but in general the following 
calendar is correct: — 


Ripening op Seed. 


I First Half 
of Month. 


Second 
Half of 
Month. 


May. 


Elm. 


Elm. 


July. 


Willow. 

Poplar. 


Birch. 


August. I September. . Outolter. 


Birch. 


Oak. 

Maple. 

Silver-fir. 


Oak, 
Beech, 
Hornbeam. 
Alder. * 
Ash. 
Ma])le. 
T/arch. 
Pine. 
Thuya. 
Cypress. 
.Douglas*fir. 
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EAiiL OF Seed. 














Feh. 

March. 

April, 

May. 

June. 

July. 

Ang. 

Oct. 

Nov. 

Dec. 

First 
Half of 
Month. 

Alder. 

Ash. 

Alder. 

Ash. 

Spince. 

Ihne. 

Spruce. 

Pine. 

Larch. 

Larch. 

Elm. 

Larch, 

Willow. 

Poplar. 

Birch. 

Oak, 

Beech. 

Silver-fir. 

Maple. 

Lime. 

Ash. 

Horn- 

beam. 

A.sh. 

lloni- 

betim. 

Maple, 

Lime. 

Second ' 
Half of 
Month. 

Alder. 

Ash. 


: Larch. 

Larch. 

Elm. 

Elm, 

Liiicli. 

Birch, 

Bitch. 

Oak. 

Beech. 

Silver-ftr. 

Tliiiya. 

Cyi>ress. 

Chestnut. 

Walnut. 

! Douglns- 
fir. 

Maple, 
Lime. 
Ash, 
Horn- 1 
beam, i 

— 

A.di. 

Alder. 


Section IV.— Harvesting Seed. 

The season for harvesting seed may be seen from the 
above tables, from which it is evident that certain seeds fall as 
soon as they ripen ; fugitive seeds, sucli as birch, elm, and 
silver-fir, therefore, must be collected immediately before they 
ripen; this somewhat affects the quality of the seed, for 
ripening after collection is effected only in the larger seeds, or 
in seeds which remain in their fruit-husks (cones, cupuls). 
The cones of spruce, pines and larch may be collected during 
several months. 

The methods of harvesting may be understood from a 
consideration of the morphology of seed-production. By 
climbing trees with the help of climbing-irons, ladders, etc., and 



Fig. 361.— Net and saw for collecting fruits, (After Fernandez.) 


plucking the fruits by hand, or with shears, [or with a h’dit 
net and saw (Eig. 361) which is used in India. — Tr.] the 
seeds of the following species should be gathered before they 


seed - kilns . 


fall: Birch, elm, ash, maple, hornbeam; also the cones of 
spruce, pine, silver-fir, larch, Douglas-fir, thuya, cyfx-ess and 
alder. By sweeping off the ground, after they have fallen, 
acorns, beech-mast, lime-seeds, cherries, species of Pyrus, 
chestnuts, walnuts, may be collected, and wherever fugitive 
seeds are heaped together by wind, or water (alder), they may 
be swept up and collected. It is a destructive measure to beat 
trees in order to cause the seeds to fall ; the worst way is to 
collect seed from trees felled for the purpose, as is done in 
countries which have too much forest, or where economic 
forestry is not practised. The whole harvest is either leased, 
or given in contract by the forest-owner for his own retfuire- 
meuts, or permits to collect seed given to poor people. It 
is for the manager to determine which method is the best 
financially and does least damage to the forest. 

Fruits, seeds and twigs with the fruits attached to them, 
taken moist from the forest, must be dried superficially in 
places in the forest that are sheltered from rain, or under a 
roof. ^ By sifting and picking over, the most obvious 
iinpuiities are removed. The seeds of lime, hornbeam and 
biich are placed in sacks ; by beating and shaking the sacks, 
the seeds are freed from tlieir husks, and by winnowing, 
sieves, etc., they are separated from tliem. For heavy seeds, 
cleaning consists in the removal of all impurities and of fruits 

that are recognised as useless (shrivelled, perforated by insects, 
etc.) 

Coniferous seeds require different treatment, for which a 
special industry, termed seed-husking, has been established. 


Section V.— Seed-husking Establishments. 

1 . Di'ying hy Solar Heat. 

The cones of spruce and pines are dried by the sun in wire 
^leves placed in echelon one above the other, so that they all 
si ' portable boxes with wire 

on ^ used. By shaking the sieves the seed falls 

0 c oths, or into boxes, placed below them, or in the latter 
into the boxes themselves, 
p.u. 

X X 
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The simplest method of employing solar heat is when the 
cones are placed on large cloths, laid on dry ground in full 
sun- light. Or sieves With double bottoms are used, that may 
be brought uilder cover in rainy weather. The seeds then 
6an be ‘separated easily from the cones by sieves, and this 
'method yields the most germinative seeds. [In India and 
“Other hot countries, solar heat suffices for seed-husking. 
— Tr.] 


2. Seed^kihis, 

The essential conditions for all seed-kilns is, that the cones 
are exposed in them to artificial heat of 95°, 112°, or 140° F., 
and to air as dry as possible until all the cones are opened. 
The air is heated partly by stoves in the drying-chamber, or 
in a special heating-chamber from which it circulates into the 
former. Most of the German seed-husking establishments 
employ kilns. 

Objection has been raised to kilns, that the seeds become 
too dry and lose their germinating power because they remain 
too long exposed to temperatures of 90° E. and more. This 
objection was justified by the defective construction of the 
earlier kilns, and by careless husking. The important im- 
provements, that have more recently been introduced in 
seed-husking, have removed these objections completely. 

In any kiln, that aspires to excellency, the seeds should not 
remain any longer exposed to the heat of the stove than is 
absolutely necessary for their removal from the cones. 

"Whenever the quantity of cones to be opened annually is 
not very considerable, and sufficient capital is not available for 
a large establishment, the simplest kind of seed-kiln will 
suffice. A spacious chamber, which can be suitably closed, 
containing a tiled Dutch stove, is then sufficient. Bound the 
stove are stands, the upper portions of which support easily 
accessible wire- trays, or the cones are hung in nets from the 
ceiling. If the floor is paved, ventilators supplied at the four 
corners of the ceiling for the escape of the vapour from the 
cones and the heat regulated, good results may be expected. 

If there is sufficient space, the stove may be enlarged into a 
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horse- shoe shaped heating-apparatus round the interior of the 
chamber and sometimes sunk partly into the floor. The stove 
must be made of brick-work, or trachite {Bachsteiii ) ; otherwise 
a steady temperature is not obtainable. 

When, however, hot air is admitted into the seed-liilu, an 
iron stove and hot-air pipes are placed in a heating-chamber, 
from which the hot air passes, as required, into the drying- 
chamber, being replaced by the admission of cool air. Most 
large seed-kilns are made on this principle. As the heating is 
effected more rapidly the more directly the stove communicates 
with the air, the apparatus is arranged generally so that the 
drying-chamber is traversed by a long series of hot-air pipes, 
which only after many convolutions communicate with the 
chimney of the stove. 

Although all seed-husking establishments more or less 
follow the above plan, they differ from one another in their 
heating apparatus, arrangement of the gratings, etc., so that 
hardly any two of them are alike. They may, however, be 
arranged in groups, according as the wire-trays are moveable, 
fixed or cylindrical, 

(a) Moveable Trays. — In this case, the light wooden frames 
of the trays are moveable and not too heavy for a man to lift 
easily: they are placed pretty close one above the other, 
generally on supports above the hot chamber. Thus they can 
he removed and replaced easily for changing the cones. 
Hundreds of these frames are used in large establishments. 

Mr. Schott, a seed-merchant, of Aschaffenburg, has an 
establishment somewhat similar to that just described 
(Figs. 862, 363). A is the heating-chamber containing the 
convoluted iron pipes and surrounded by a thick masonry 
wall, which is pierced on two opposite sides by doors opening 
into the drying-chamber B through which the trays can be 
removed and fresh ones supplied. As both the heating- and 
drying- chambers are surrounded by the moderately cool air of 
the building, the heat is concentrated as much as possible. 
The stove is at (a), the smoke escaping through (;n). The 
wooden trays (/i, h, h) are provided with a base of thin wooden 
bars, except the lowest of them, which have fine wire-bottoms 
to prevent the seed from falling into the heating chamber. 

X X 2 
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Only a very inconsiderable portion of the seed^ however, ever 
reaches these lowest trays ; most of it remains on the upper 
trays, which are not shaken or disturbed in any way, until 



Fig. 362.— Section of f?eed-kiln. 


they are removed. When once the cones are opened, the trays 
on which they lie are removed, and the cones shaken on to a 



Fig. 363.— Ground -plan of kiln. 


floor of wire-grating immediately above the revolving hollow 
sieve (6). The cones are raked up and down over this floor 
so that all the seed may be removed. The vapour from 
the cones escapes by means of shafts ((7, d), whicli can be 
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closed if required ; fresh air is supplied by the vent-holes 

(o, 0, o). 

This simple apparatus may be taken as a type of numerous 
private seed-husking establishments, as those of Geigle at 
Nagold, Keller and Appel at Darmstadt, Steiner’s in Wiener- 
Neustadt, etc. The frames supporting tbe trays are made of 



Fig. 3fi4. — Seed-kiln with fixed trajs. 


•I'on ; four large stoves in the lower story supply the hot air. 
Numerous openings with valves regulate the temperature. 

(b) Fixed Trays.— Fixed trays are used in buildings with 
several storeys ; the heating-apparatus being on tbe ground- 
floor, above which are two or more drying-chambers. The 
floor of each of these is of grating (in tbe newest establish- 
Ments of the kind, of thick iron wire, in the older ones of 
wooden bars), but close enough to allow only the seed and not 



678 UTILIZATION OF THK FKUITS OF FOKEST TKEE8, 




(Plan.) 

Fig. 3Grj. — yeetl-huskiiig eritablishment with drum-sieves. 
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the cones to pass. The cones are piled a foot deep on the 
gratings and are stirred constantly so that they part with all 
their seeds. The seed falls into the seed-chamber on to a 
paved floor kept cool by the admission of cold air, and from 
this it is removed. 

This method is adopted by (Fig. 364) Steingiisser at Milten- 
berg, Schultze and Pfeil in Eathenoer, etc. The stove (a) in 
an underground room, M, the upper part of which leads into 
a system of pipes {b,h) and is sur- 
rounded by a cupolaed frame of trachyte 
wliich passes into the seed-room A, and 
allows the contained hot air to escape 
through several long tubes (k, k) and 
numerous openings. The channel {m) 
admits cool air and (o, o) are ventilating 
tubes arranged so as to keep the paved 
floor cool. B, C, and D are drying- 
chambers. 

(c) Drum-sieves. — Apparatus wdth 
drum-sieves differ completely from 
those described above, and are used 
ill many places in Silesia, Hanover, 

Mecklenburg, etc. (Fig. 365). 

Then the hot air is supplied by 
means of closed pipes {m, ?n, m) made 
of trachyte and closed with iron valves, 
which are situated beneath the drying- Fig, see. 

cliamber. The heating is by stoves 
(o, 0 , o), that opens into {ui, m ) ; the vapour escapes by the 
chimney {k). The cones are supplied from the floor of a 
loft By passing through the funnels (a, a) into the drums 
{b, i), which revolve in pairs on a common axle ; they are 
turned by handles in the room C so that the seeds may fall 
through as soon as the cones have opened. The drum-sieves 
are of wood, or iron, in the former case with wooden gratings 
secured by several iron hoops. Each drum can be opened 
(Fig. 366) in order to insert and remove the cones ; under 
each pair of drum -sieves is a masonry or concrete trench (p) 
into which the seed falls, and from which it is removed by 
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wooden scrapers to the chamber C, into which the trenches 
lead. After all the seeds have been removed, the drums are 
opened downwards and the empty cones removed by the same 
means as the seed. The drums are turned at intervals of a 
quarter of an hour, so that the seed soon falls into the cool 
trenches and being at once removed is not exposed to the hot 
air longer than is absolutely necessary. This rapid action 
allows much greater heat to be applied to the cones tlmii in 
other establishments ; recent experience, however, shows that 
they are not more effective than the latter, which on the 
whole are preferable. Drum- sieves are used in Blankenburg 
by Conrad Trumpf, and at Carolath in Silesia. 


3. Separation of Seed Jrom the Cones by Steam. 

Cones are opened by steam, when the air round the trays in 
which they are placed is heated by means of condensed steam. 
Steam from a boiler outside the seed-kiln is supplied in pipes 
running under the trays, it then becomes condensed owing to 
the comparative coolness of the chamber containing the trays. 
The steam-pressure being then considerably increased, the 
heat acquired in the boiler is radiated into the drying-chamber 
by the pipes. In order to increase the heating effect of the 
pipes, their surface is considerably increased by conducting 
them repeatedly up and down the drying-chamber. 

The three well-known wholesale seed-establishments of 
Keller, Appel and Le Coq at l)armstadt, have been working 
successfully on this system for many years. The first of these 
seed-kilns was burnt in 1865, and up to that time there were 
three tiers of piping under all the trays. This, however, did 
not heat the air sufficiently ; in the new works erected there- 
fore, two tiers of piping were placed under the trays, and the 
other tier moved higher up between them. This gives 
excellent results. The pipes are of wrought iron and are 200 
meters long, with an exposed surface of 87 square meters. 
The boiler is in a detached house, and also serves to drive 
machinery used in separating seed from larch -cones ; it sup- 
plies steam for heating the pipes and the resulting condensed 
water flows back into the boiler. 
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The advantages of steam dr^^ing over hot air drying are, as 
follows 

There is no fear of a conflagration in the seed-kiln ; by 
means of in and out draughts, heat can be supplied according 
to requirements, and the amount necessary for opening the 
cones is attained in one-quarter of the time required by the 
hot air apparatus, whilst the whole time occupied by the 
process is shortened by one-f^narter ; the temperature cannot 
exceed 183° F., so that there is no danger of over-heating the 
seed. Keller’s process gives from 87 to 97 per cent, of 
germinating seeds, which, according to Braun, are not only 
considerably superior in germinative power to seeds from hot 
air kilns, but also can be kept longer. 


4. Management of Seed-hmking Works. 

The system followed in the different seed-husking estab- 
lishments is of a simple nature. The cones from the store- 
house are placed in sacks or otherwise brought to the seed- 
kiln and placed on the trays. After the beat has been applied 
and the cones begin to steam, all vent-holes must be opened. 
As soon as the air becomes drier and the cones have been 
exposed for some time to the heat, they begin to open. Gene- 
rally this does not happen simultaneously on all the trays ; 
the current of hot air is then turned in the direction of the 
backward trays by opening certain vent-holes, or changing the 
places of those trays with those where the cones have opened 
and thus exposing them to the hottest blast. 

Management of the heat is the most important point in the 
Mins. The heat should rise as uniformly and quickly as 
l)0SBible to the temperature most suitable for the apparatus and 
cone in question. Scots pine cones require llie greatest heat, 
usually 90° to 125° F. ; spruce 80° to 90° F. ; Weymouth-pine 
and alder, 60° to 70° F. 

In order to guard against over-heating by the workmen, Keller, 
in Darmstadt, has an electric bell in his office communicating 
with a metallic maximum thermometer in the kiln. 

I^he cones on removal from the trays are thrown usually on 
^ grating so that the seeds may be separated from them ; 
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they then always retain a few seeds and in order to seciue 
these, they are placed in a drum -sieve (Fig. 366, h), which is 
made to rotate. 

This consists of a cylinder with wire sides, open at both ends, 
and there are often projecting bars fastened here and there to 
its axle inside the cylinder which assist in shaking the cones. 
It is turned slowly by means of a pulley and belt. The cones 
are poured into the drum-sieve through a hopper and are so 
thoroughly shaken within it, as to part with all their seeds. 
The seeds fall on to the floor and the empty cones pass out at 
one end of the drum-sieve, which is slightly inclined in that 
direction, through a second funnel, into the store-room for 
empty cones. 

Removal of the wings of Scots pine and spruce seed may 
he effected in various ways. On a small scale, and if it is con- 
sidered sufficient to remove the greater part of the wing, 
leaving a small fragment attached to the seed, the dry pro- 
cess is employed. In this case linen sacks are half filled 
with seed (the mouth of each sack being tied) and beaten with 
light flails, being turned and shaken and rubbed until the 
wings are removed. In wholesale establishments a different 
method is usually employed, termed the wet process, which 
gives quicker results. The seed is then piled 6 to 8 inches 
high on a paved or planked floor, sprinkled lightly with water 
from the rose of a watering-pot and then beaten energetically 
with leather flails. In many seed-depots hardly any water 
is used and yet the wings are removed completely. Newer 
methods are; to pass the seeds between two rotating stones, or 
to place them in a drum with revolving brushes (detacheur). 

In order to obtain clean silver-fir seed, more trouble 
must be taken. The moistened seed then generally must 
be heated, so that very clean silver- fir seed is regarded with 
suspicion. 

Frequently objection is made to the wet process, that it 
prejudices the germinative power of the seed. This objection 
is justified, if the damp seed is kept in heaps and allowed to 
ferment, so that the wings may separate from the seed withou 
any further mechanical treatment. If, however, the metho 
already described is followed and no fermentation allowed, t ic 
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damping being merely auxiliary to the threshing, clean seed 
with good germinative power is obtained. 

Once the wings have been severed from the seed, they must 
be removed in order to obtain clean seed. This is effected 
either by swinging the seed on a wooden tray, or tossing it 
with a wooden win no wing- shovel, which removes both the 
wings and light worthless seeds. As a rule, however, the 
seeds are placed in a modern corn-sifter, provided with several 
graduated fine wire-sieves. This separates all impurities 
and the worthless seeds completely from the good seed, the 
workman being careful to turn the machine slowly. Special 
cleaning machines worked by motor-power are the best. 


5. Separation of Seeds fiwn Larch Co 7 tes. 

The method described in 2, refers only to Scots pine and 
spruce ; it is not applicable to larch cones, which cannot be 
completely freed of seed by artificial heat without damaging 
its germinative power. Only the upper part of larch cones 
opens when subjected to heat, the base of the cones, which con- 
tains most of the seeds, remaining closed. Larch cones must 
therefore be torn open in machines, clean seed being obtained 
only after much troublesome manipulation. 

Much larch seed is exported regularly from the Tyrol. In 
order to remove the seed, little water-wheels are suspended in 
the rapid torrents, on the axles of which are rapidly rotating 
tm cylinders. The cones enclosed in these cylinders are 
nibbed violently against one another, and the seed set free. 
In order to remove the last seeds from the cones, the latter 
are pounded. One of the best stores for Tyrolese larch seed 
is that of Jennewein, at Innsbruck. 

[In French Savoy and Dauphiny, larch seed is collected by 
peasants betw'een December and February ; during the preva- 
lence of the comparatively warm south wind, the cones drop 
their seeds on to cloths spread under the trees on the snow. 
Ibis seed is said to germinate much better than that purchased 
from seed-establishments. — Boppe.] 

The apparatus employed by Appel, at Darmstadt, which 
lebembles that used by the Tyrolese, consists of wooden 
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(lruii]B 5 which arc driven by steam and made to rotate rapidly 
on tlieir axles. Their internal surface, as shown in lig. 367, 
is covered with little sharp, projecting cones, against which the 
larch cones are rubbed, hut the mutual friction between the 
cones is more effective than the action of the internal surface 
of the drums. 

Apparatus worked by steam for opening larch cones is 
based generally on a continual friction between their scales, 
and consequent removal of the seed without injuring it. That 
used by Keller at Darmstadt consists of a hollow wooden 
drum (Fig. 367), which is fixed firmly in a vertical position, 



and at its axis is an iron rod provided with four arms a, 
which support four closely -toothed iron rakes parallel to 
the internal surface of the drum. This revolves rapidly on 
its axle m n, larch cones supplied from above are rubbed 
together so thoroughly and to a certain extent torn to pieces, 
that they part with all their seed that collects at the bottom 
of the drum, from which it is then removed. 

The sides of this drum are composed of plates of iron, wbie ' 
are not quite juxtaposed, finer refuse therefore escapes throng 
the slits between them. Under the drum large sieves are Imp 
in constant motion backwards and forwards. This apparatus 
of Keller’s is preferable to all others yet invented, as it remove! 
the seed in less than half the time taken, for instance, by 
Tyrolese method. 
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Larch-seed, when freed 'from the cones, is mixed with 
:)ieces of wood and scales of various sii!es, and any amount 
)f dust, from which it must be cleaned. The sifting process 
;s therefore tedious and the workmen must show much 
patience. The seed is separated from refuse either by 
means of hand-sieves, or by fly-wheels, or by placing it on 
water in a tub; the pieces of wood and scales sink to the 
bottom, whilst the seeds float on the surface and are then 
scooped off and dried, the dried seeds finally passing through 
a eorn-sifter. 

In Keller’s seed-depot a small mill is used for removing the 
wings from larch- seed, the grinders being made of vulcanised 
caoutchouc and as far apart as the length of the seeds ; thus 
the wings are removed by friction. A fly-wheel working 
under the exit-funnel separates thoroughly the wings, dust 
and worthless seed, from the good seed. 

6. Huskiiuf Siker-fiy Cones, etc. 

The cones of silver-fir usually fall to pieces on their way to 
the seed-husking establishment ; the seeds are separated from 
the large cone -scales by sieves. The wings are united to the 
seeds and are removed by friction, or by trampling or beating 
them in sacks. Similarly the seeds of Donglas-fir, Douglas 
and Weymouth pines are cleaned. The cones of thuyas and 
cypresses open readily when exposed to tlie sini, and the litlle 
seeds are sifted free from the scales. 

7. Net Yield of Seed. 

The net yield of seed obtained from a certain quantity of 
cones depends on several circumstances. The system of 
husking followed is most decisive in this respect ; then the 
condition of the cones (whether harvested in autumn, mid- 
winter, or in dry, spring weather, after some of the seeds have 
left the cones). The size of the cones and the number of 
seeds they contain vary in different years, for in really 
good seed-years cones are often smaller than usual and yet 
•contain more than the usual number of seeds. Lastly, the 
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method employed for removing the wings, and the comparative 
thoroughness with which this is done, affects the yield greatly. 

It is not, therefore, surprising that the yield of different 
seed establishments in different years should vary considerably. 
The following table gives the average weight of different 
quantities of cones and seed: — 


Species. 

Weight of fresh 
cones. 

Weight nf siftetl seed 
from— 

Weight of sifted seed. | 

100 
li lei's. 

One 

bushel. 

100 liters «f 
coiiea. 

1 bushel of 
cones. 

1 liter. 

1 quart. , 


kg- 

lb. 

kg- 

lb. 

grams. 

Ih. 

Scots piuc 

50 to 55 

10 to 44 

O'7.5to 0-90 

•60 to -72 

500 toolO 

■96 to -98; 

Spruce ... 

25(0-10 

20 to 24 

1 -23 to 1 ‘70 

■98 to 1-36 

560 to 570 

l-08tol-09; 

Larch ... 

36 

2!> 

1-80 to 2-70 

l-44to216 

500 to .5 10 

i -96 to •98: 

Silver-fir 

25 to 30 

20 to 24 

1*50 to 2‘25 

1-20 tol“80 

300 to 410 ' 

] ‘,58 to •(!)! 


The concluding table gives the weight of sifted seed, without 
wings, of the different species obtained from a certain weight of 
winged seed, and the number of seeds in a fixed weight of 
sifted seed. 



Weight of 

sifted seeils. 

Average number of sceds.^ | 

8pccic.s. 

frtnn 

from 


; i 


1 kilog. of 

1 lb. of 

1 kilog. 

i 1 li). i 


■winged seed. 

winged seed. 


Spruce 

kg. 

0'55 

oz. 

9-6 

120,000 

! 54, .500 ' 

Silver-fir 

_ 

_ 

22,000 

‘ 10,00(1 i 

Larch 

0-80 

12-8 

165,000 

1 7.5,(100 

Scots pine 

0-70 

11-2 

1.50,000 

! 68,000 1 

Black pine 

0-80 

12-8 

48,500 

22,000 . 

Mountain pine ... 

9'75 

12*0 

125,000 

I .56.700 1 

Weymouth pine 

0-.50 

8*0 

61,000 

1 27.700 1 

J 


The size of the cones, and the consequent size of the seeds, 
as well as the number of seeds in each cone, vary with the 
climate, for greater heat implies larger cones and seeds ; thus 
Cieslar found : 

In Finland, 1000 seeds of spruce weigh 3 * 96 — 4’569. 

In S. Sweden, „ „ „ 5*00-^5*60. 

In Germany, „ „ „ 7*59 — 8*60. 

• [Figures for Scots pine, spruce and silver-fir from Gayer, the other 
from Mr. Appel of Darmstadt, larch from Dr. Schlich,— Tr.] 



STORING SRRD. 


087 


Good soil has a similar inHuence on the seed : seeds from 
trees grown in gardens usually are larger than those from 
forest trees ; at the commencement of fertility also the seeds 
are larger than those from old trees, and the power of pro- 
ducing seed is lost gradually by the latter. There are also 
variations in the size of seeds in individual trees, even the 
seeds in any cone vary in size and weight. 


Section VL — Storing the Seeds of Forest Trees. 

1. General Account. 

Silviculture shows that it is often advantageous to delay 
sowing seed until the spring of the year after it has ripened. 
Seed must therefore be stored for this purpose, and if this can 
be done without impairing its germinative power seriously, the 
forester becomes to a certain extent independent of the 
occurrence of seed-years. 

In general, seeds with an embryo or albumen rich in starch 
do not preserve their germinative power so well as those which 
contain much oil or turpentine. For under their closed 
husks, provided water is excluded, oxidation of oil is much 
slower than conversion of starch into gum, dextrin and sugar. 

Germinative pow'er is lost quickly in acorns*, chestnuts and 
beech-nuts, so that these fruits very rarely can be kept for 
more than one winter. The same rule applies to seeds of 
birch, elms, silver-flr and alder, which soon become mouldy 
unless stored very carefully. Seed of ash, hornbeam, lime 
and Cembran pine, most of which germinates only in the 
second spring, can be stored easily. [In the case of Wey- 
mouth-pine also, much seed does not germinate till the 
second spring.— Tr.] Lime-seed can be kept good for 2 or 3 
years, but owing to the abundance of seed produced almost 
every year there is no necessity to store it. Germinative 
power is longest preserved in the seed of larch, Scots pine 
and spruce, and experience has shown that if carefully stored, 
larch- seed may preserve its germinative power 2 to 3 years ; 
Scots pine seed 8 to 4 years, and spruce-seed 4 to 6 years. 

As during winter, slow chemical changes preparatory to 

* More t{uickly in sessile, than in pedunculate acorns. 
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germination proceed in seeds, the temperature must be kept 
down, provided it does not descend much below freezing point, 
so that by over -heating, seeds may not germinate or be killed. 
Too much moisture involves danger from fungi and rot, 
too much desiccsition causes loss of the power of germina- 
tion. Seeds also must be preserved against injuries of every 
kind, by mice, insects, &c. 

The usual methods of storing seed will now be described : 

2. Storing in heaps in the Open Air. 

This method is applicable for beech-nuts, acorns, and chest- 
nuts. A dry site near a forester’s house, with loose, sandy 
soil for choice, is cleared completely of all vegetable matter, 
and the fruits are mixed with plenty of sand and placed in 
heaps on the ground. The more delicate the fruit, the lower 
the heaps. The heaps arc covered with dead leaves or straw, 
at first only moderately thick, and some bundles of straw are 
stuck through the covering to afford ventilation. As the 
weather becomes colder, earth may be thrown on the covering, 
but it should be remembered always that seeds are less 
sensitive to cold than to heat. At the close of winter the 
covering should be removed gradually in the same way as it 
was supplied, for it is extremely probable that the destruction 
of seeds kept over winter is often due to delay in removing 
their covering. 

3. Storing in Trenches. 

Acorns, beech-nuts, chestnuts and the fruits of ash and 
hornbeam may be stored in trenches in the open air. The 
trenches for acorns should be about half a meter (1| feet) 
deep, with vertical walls and in long rows ; beech-nuts are 
placed in wider, but shallow, trenches not deeper than 30 
centimeters (1 foot) ; ash, hornbeam and sycamore seed iu 
narrow trenches like drills; these seeds should remain for 
two winters in the trenches, and be sown only in the second 
spring. When there is only a small quantity of slowly 
germinating seed, such as nuts of the black walnut, it mayke 
mixed with sand in earthenware pots, which are placed in the 
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ground. It has also proved useful to mix ashes with sycamore, 
ash and other seed, in a cask placed in a dry, well-ventilated 
locality. 

4. Storing on Ridges under Thatch, 

In this method after the seed has been fairly dried, it is 
placed on long ridges raised about 8 inches or a foot (20 to 30 
centimeters) above the ground under a light thatch of straw or 
dead leaves. Or a flat place may he slightly excavated in the 
ground and covered by a thatched roof high enough to allow 
a man to inspect the seed. Then the seed can be turned, and 
its covering modified according to changes of temperature, 
which is a great advantage. 

This method is applicable to acorns of both species of oak, 
and beech-nuts, the seed being mixed with sand as before. By 
altering the thickness of the thatch and turning the acorns, 
they are protected against frost and over-heating. Beech-nuts 
reepdre a cool, damp place, and the ground should be watered 
for them during very dry weather : they are fairly hardy against 
frost, and well- ventilated places suit them, which may be 
paved with stones. When thus kept, however, they must be 
turned and watered regularly. 

5. Storing in Rooins, 

Sticks of acorns and chestnuts may be kept in cellars, only 
when the latter are sufficiently dry and well-ventilated. 

Several other kinds of seed, such as that of silver-fir, may be 
kept in rooms. In a room free from frost, or at any rate, 
from low degrees of temperature, silver-fir seed mixed with 
the scales of the cones may be placed on shelves, cither alone, 
or with saw-dust. The windows must at first be kept open in 
order to dry the seed, and the latter turned from time to time. 
This is absolutely necessary for silver-fir seed, wffiich is very 
liable to become mouldy. It is best kept in the cones, but 
they can only with great difficulty be kept entire through the 
winter. 

Dried seed of the birch or alder may be placed in sacks and 
these suspended in dry rooms. If twigs have been cut with 
the fruit, they may be tied in small bundles and suspended as 



690 UTILIZATION OF THE FRUITS OF FOREST TREES. 


before. Ash, maple, and hornbeam seed may be similarly 
treated during the first winter before being put into trenches 
to hasten germination. 

Much birch and alder seed, however carefully treated, will 
become mouldy ; it is generally better to sow these seeds as 
soon as they ripen. 

6. Storing in Perforated Bins. 

Scots pine, spruce and larch seed separated from the cones 
is best preserved in perforated bins ; the same plan is suitable 
for any small seeds after they have been thoroughly aerated 
by turning them over for several days. 

The bins used for coniferous seeds resemble ordinary flour- 
bins, with well -fitting lids. In order to exclude mice they are 
lined completely with tin or zinc, which is perforated as Avell 
as its wooden casing. The seeds are placed in the bins with 
their wings and other impurities, and are stirred periodically. 
Spruce-seed is sometimes kept in the cones. 

7. Storing Seed under Water. 

Experiments often have been made of storing beech-nuts and 
acorns in large baskets under water, hut although they remain 
sound, Cieslar says, that germination is retarded if spiing- 
water is used. 

Section VIL — Average Quality of Seeds. 

In spite of every care in harvesting, preparing and storing 
seed, it is impossible to obtain seed, every grain of which will 
germinate. Many bad seeds are harvested, many others lose 
the power of germination during the subsequent treatment, so 
that it is considered satisfactory, when the following per- 
centages of good seed are obtained : — 


Robinia 75 

Oak 69 

Black alder 38 

Beech 27 

Elms 26 

Birch 25 
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The best German firms sell seed with the following per- 
centages of germinating power 

Acorns 
Beech-nuts 
Chestnuts 
Maples 
Limes 
Robinia 

Elm 40 to 50 

Alder 30 to 40 

Birch 20 to 30 

Willow and poplar . . . 5 to 10 

For coniferous seeds, the Swiss Control Station gave the 
following results : — 


Cembran pine . 

85 per cent. 

Spruce 

68 „ 

Scots pine 

65 „ 

Black ,, 

63 „ 

Weymouth pine 

55 „ 

Douglas-fir 

48 „ 

Larch . . . , 

38 „ 

Silver-fir 

27 „ 

Seed -dealers supply seed, the 

quality of which varies 

different years : — 

Spruce . . . . 

75 to 80 per cent. 

Scots pine 

70 to 75 ,, 

Weymouth and black pine 

65 to 70 ,, 

Silver-fir 

55 to 65 „ 

Cembran pine 

40 to 50 „ 

Larch . . . . 

80 to 40 ,, 


Section VIII. — Sale and Disposal of Seeds. 

Seeds are sold partly by weight and partly by volume ; it is 
csirable that both these measures should be used, but they 
imply no guarantee that the seed is fresh or possesses good 

y y2 


55 to 65 
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germinating power. The following statement compares tlie 
measures and weight of seeds in litres and kilograms. [i 
bushel contains 36"^ litres and 1 kilo = 2*2 lbs. — Tr.] 


Acorns ... 

(1 1.) weigh 0'7r>k. 

1 k. contains 270 to 300 seeds. 

Beechnuts 

„ 0-45 „ 

„ 4 „ 4| thousand seeds. 

Ash 

.. 015 .. 

13 14 

Sycamoie 

.. 013 .. 

11 „ 12 

Elm 

.. 0'05 .. 

100 „ 140 

Ccmbrau pine ... 

.. .. O'oO 

^ L « ^ 

V, M '? 

Weymouth pine 

.. 0-40 

,, .. 55 05 ., 

Scots pine 

0'50 ,. 

„ ., 150 170 

Spruce 

., 0 45 ., 

.. 120 „ 150 

Larch 

.. 0'45 

.. 140 „ 170 

Sil7er-fir 

.. 0-40 ., 

20 .. 24 

Douglas-fir 

0-40 

.. 

Lawson's Cypress 

.. 0-23 .. 

500 seeds. 

i 


Seeds are transported in sacks, or bags ; recently in sheet- 
iron cylindrical boxes. 

As regards the price of seeds, the following statement 
was prepared by Laspeyres for Prussia, from 1880- 


1895 



Marks. 

1 hectolitre of acorns 

. 15'76 

1 „ beechnuts 

. 21-36 

1 kilo black alder . 

. 0-86 

1 „ white alder . 

. 1-62 

1 „ birch . 

. 0-60 

1 ,, Scots pine . 

. 4-15 

1 „ spruce . 

. 1-73 

1 „ larch 

. 2-43 

1 „ silver-fir 

. 0-75 

The price of Scots pine seed 

varied between 3-05 and S’lO 

marks. 

Marls. 

Spruce .... 

. 1'05 and 3-40 

Larch .... 

. 1-18 „ 6-37 

Silver -fir .... 

. 0-88 „ 1-67 

[A hectolitre is about 3 bushels and a mark is equivalent to 

a shilling. — Tr.] 


There were no beechnuts and 

no sessile acorns for 6 years, 

the other seeds were procurable every year. 
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Forest seeds are used almost exclusively for raising plants ; 
for other commercial purposes, only a fraction of the seeds 
are employed. Beechnuts are used for preparing salad oil. 

Thus in the Foret de Betz, in 1898, salad oil valued at 
j£6,000 was obtained from beechnuts, besides 300 bushels of 
seed being sent to other State forests and sufficient seed 
reserved to restock the felling-areas. An acre of beech 100 
years old produces about 20 bushels of clean nuts, worth 2s. a 
bushel, from which 100 lbs. of oil can be made, the nuts 
containing 15 to 17 per cent, of oil. The nuts are swept up 
from under the trees, sifted, sorted, dusted and dried slowly ; 
cold pressure is applied to extract the oil. — Tr.] 

In forests, where chestnuts, walnuts, hazelnuts are pro- 
duced, the production of the nuts may surpass in value that 
of the timber. 

Formerly pannage, in which acorns, beech and other seeds 
were eaten in the forest by pigs, was carried on extensively in 
European forests. This mast of fruits was distinguished from 
earth-mast, in which worms, larvre and pups of insects, 
fungi, roots of weeds, etc, were utilised. Fidl-mast gave 
enough acorns, etc,, to fatten the pigs ; this required 66 days 
feeding, when every pig ate daily 12 litres of acorns or 16 
litres of beechnuts. Half-mast sufficed to feed the pigs, 
without fattening them. Owing to the rarity of seed-years 
and the damage done to young crops by the pigs, also to 
danger from swine fever, when pigs are admitted promiscuously 
into a forest, pannage has now become rare. When there is a 
plentiful seed-year, it may be leased, or given as a privilege to 
poor people. The question, whether the admission of pigs 
hiay be silvicultural ly beneficial, by breaking up too dense a 
layer of dead leaves and moss and exposing the mineral soil 
in woods ready for natural regeneration, also for destroying 
niiee and insect-larva;, can be decided only for certain localities. 

[In the New Forest, in a good mast year about 5,000 swine 
are admitted. Near Windsor acorns are collected in baskets 
and sold at I 5 . per bushel to farmers for feeding pigs, — Tr.] 
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CHAPTER III. 

UTILIZATION OP LEAVES, TWIGS AND ROOTS OF 
TREES. 

According to Ebermayer, Weber, Eamann, Councler, Emeis 
and others, leaves and twigs contain large quantities of 
nitrogenous compounds, carbohydrates and mineral salts. In 
using twigs and leaves for fodder* the above represent the 
actual nutritive value of these plant-parts, for the cell-walls 
are usually indigestible. These substances are most abundant 
at the season when the buds are opening and the leaves un- 
folding; at the close of the growing-season, most of them 
return into the permanent shoots, as reserve-material. The 
nutritive value of leaves and twigs, therefore, depends chiefly 
on the season at which they are utilised ; fallen leaves are so 
unnutritious, as to be fit only for litter, [At the same time, 
in evergreen broadleaved trees, nutriment is stored during 
winter in the foliage and twigs, as such trees as Quercus d'datata, 
Pnnms Piiddim, etc., are lopped regularly in the Himalayas, 
for winter-fodder. — Tr.] In leafless trees, the yearling shoots 
are most nutritive ; branches become less nutritive, the thicker 
they are ; those 1 to 2 c.m. thick have hardly any value as 
fodder. Species that are most exposed in forest-pasture to the 
bite of cattle, supply the best fodder ; ash, poplars, wiUows 
(especially Salix albd^ Cdprea, vitellina, pentaudra), limes, 
maples and oaks, are good; beech and elms yield good 
fodder, as long as the leaves are young ; the Canadian poplar 
is said to yield the best fodder. Among conifers, the silver 
fir is best, but the spruce also is lopped for fodder, the 
least of all. The species of cattle should be considered also, 
for sheep and goats eat all leaves, while horned cattle are 
more particular. 

• Dimitz, “ Futterlaub u. Futterreisig.” Zentralblatt f. <1. ges. lorstwesen. 
1891. 
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It is cflilculatcd, that 150 lbs. of loaf-fodder without twigs, 
125 lbs. with twigs, are equivalent to 100 lbs. of moderately 
good hay. Gran dean found that the dry substance of year- 


ling twigs without leaves, and of hay, 

had the 

followin' 

composition : 

Beech. 

Oak. 

Hiiy. 

Protein . . . . 

, 11-08 

14-40 

11-10 

Oil 

. 1-30 

2-97 

2'70 

Fibres . . . , 

. 34-15 

30-11 

3-60 

Extract without nitrogen , 

, 49-32 

47-64 

47-20 

Ashes 

. 4-15 

4-85 

7.40 


According to the researches of the Agricultural Academy at 
Bonn, twig-fodder is useless for farm-horses; ruminants 
thrive better on it, sheep best of all. Birch twigs arc best, 
then beecli ; hornbeam is worst. Green twigs are always 
better than dry twigs: the valuable parts of the twigs for 
fodder are their bark and buds ; only in years when fodder 
is scarce, can twigs be considered as a substitute for hay or 
straw. Bamann and Lawe’s experiments to chop up twigs by 
raachinery for fodder has proved unsuccessful. 

In evergreen conifers the twigs are more valuable as litter 
than as fodder. The toughness of roots prevents their use as 
fodder. The injurious utilization of leaves and twigs is 
secured in various ways ; there are country districts, espe- 
cially ill warm countries outside Germany, in which regular 
coppices of broadleaved species, similar to osier-beds, with 
1 to 2 years’ i*otation, are maintained expressly for fodder; in 
others, pollards are used, or trees are lopped for the purpose. 
The most harmful form of this usage is when young saplings 
111 coppice, coppice-with-standards and high forest, are 
lopped; the utilisation of leaves and twigs from trees felled 
ui the ordinary way alone can be recommended (Neumeister). 
The instruments used are knives, billhooks, haichets, or 
shears for small pieces. 

Leaves and twigs serve for feeding domestic animals, more 
rarely for deer ; sheep and goats, less frequently cattle and 
horses, are fed with either green or dried material. Only in 
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countries where meadows are scarce, as in those adjoining the 
Mediterranean Sea, or where the peasantry is poor, and land 
much subdivided, is leaf-fodder important; also in years of 
general scarcity of fodder, as in 1893. Except in such cases, 
the usage of leaf-fodder should be banished from forests. In 
countries where rice is cultivated, young leaves and twigs are 
stamped into the inundated fields to serve as manure (Japan). 
[Also in India, for rice-nurseries, under the well-known name 
of rab.— Tr.] Twigs of both broadleaved and coniferous trees 
are used, in the cultivation of flowers and vegetables, as a 
shelter against insolation and frost, also in forest-nurseries. 
Branches, ^Yitll autumnal coloured foliage, or witli coloured 
fruits, or coniferous branches witli cones, are used for 
decorative purposes. 

From the needles of pines, spruce and silver-fir, oil is 
distilled; wood-wool, said to be made from pine-needles, is 
made of sea-grass (see Part III). 

The branches of conifers are employed extensively as litter. 

G-reen litter is obtained from standing trees, either from the 
ground by dragging down the branches, or by climbing the 
trees and lopping them; or by using the litter from felled 
trees. 

The most destructive method is practised in the Tyrolese 
and Swiss Alps. Iron hooks on long poles are used for 
pulling down and breaking off the branches. In otlier 
countries the men climb the trees with the help of climbing- 
irons and lop the branches with a hatchet. Where the future 
of the forest is cared for, only stems that will soon he felled 
according to a working- plan are lopped from the base up- 
wards, in the course of a few years. If no care is taken of the 
forest, trees are lopped frequently of all their branches up to 
the leader. The simplest and least harmful practice is to lop 
the branches from felled trees in the regular felling-areas. 

The branches thus obtained usually are carted to the farnt* 
yards, and cut into small pieces on a block with a sharp hatchet , 
all the wood that is more than a finger thick is set aside for fire- 
wood and the remainder used for litter. If the branches fiom 
a regular felling-area are to be used for litter, the workiR^^ 
takes each branch and cuts off the twigs covered with needles, 
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before he cuts the wood into lengths with a billhook or an old 
sabre, and binds them up into faggots. 

The quantity of utilisable needle-litter depends on the 
species of treer, the system of management, the method of 
utilisation and age of the tree. Silver-fir and spruce yield 
more litter than do pines. Pines subdivide their crowns into 
boughs, while silver-fir and spruce have only one subdivision of 
their branches, so that besides possessing fewer needles, there 
are many branches in pines that are too thick for litter. 

Silver-firs and spruces also have many little branches on 
their holes, that are absent in pines. As regards the system 
of management, the more open selection forest produces more 
litter than does even-aged high forest. The use of branch- litter 
is practised usually wherever selection forests prevail, as in the 
Tyrolese and Swiss Alps, private forests in the Pichtelgebirge, 
the Franconian Forest and Schwarz wald in Wurtemberg, etc. 

Many Alpine forests are so impoverished by the utilisation 
of branch litter, that they are no longer able to satisfy 
moderate demands for this material. In the forests of 
Franconia and the Ficlitelgebirge, and in many parts of the 
Schwarz wald, every woodcutter by moderate lopping has 
obtained for generations about 1 to IJ waggon-loads of branch- 
litter per acre annually, from the selection forests, without 
any fear of the supply lieing reduced. 

As regards the age of the trees that are lopped, it is evident 
that in pole-woods, the power of reproducing branches after 
lopping is the greatest, and that the older the trees, the fewer 
small branches are available. 

Keduction in the yield of a forest occurs only when the 
trees are lopped extensively up to their crowns; it is how- 
ever certain, that, owing to the formation of occluding lumps 
on the boles of trees, their use for timber and especially for 
planks is prejudiced. 

Utilisation of the finer roots of conifers, especially of the 
i^pruce, involves great injury to all trees, except for those 
which are to be felled very soon. The practice is confined chiefly 
to skay shoots of hazel, Viburnum Lantana, etc., which are 
removed by trespassers. Roots and shoots are heated (baked), 
twisted on their axes, and used as tough, coarse withes. 
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[In India and other hot countries, where scarcely anj 
fodder-crops are raised, and where the crowding is lost in forest- 
pasture, used for fuel, or only for manuring valuable crops of 
sugar-cane or tobacco, the importance of a supply of branch- 
litter (rab) as manure, as well as of leaf-fodder for feeding 
cattle in winter, is so great, that a regular system of lopping 
trees for the purpose is at present inevitable. The rules under 
which this is permissible, in order to perpetuate the supply, 
are given on p. 85, Vol. IV. of this manual. — Tr.] 



Fig. Cup and gutters used in colleeting crude turpentine. 
(U, S. Uep. of Agri. Bull. XL, UJOIL) 
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CHAPTER lY. 

PEOPERTIES, HARVESTING, SELLING AND 
DISPOSAL OF RESIN. 

Section I. Anatomy.' 

Turpentine is elaborated naturally either in intercellular 
spaces surrounded by cells, or in certain ceils. A distinction 
therefore is made between resin-ducts and resin-cells. The 
latter are parenchymatous cells in which turpentine occurs in 
drops, so that a cell contains more turpentine as it becomes 
older ; as soon as the plasma leaves the cell, no more turpen- 
tine is formed in it. The plasma leaves the cells, when the 
sapwood, which contains them, is converted into heartwood, 
or when the bark, in which also they occur, is cut off from 
living cortex by the formation of layers of cork, or of rhiti- 
dome. All the transverse parenchyma in the medullary rays, 
both in the wood and cortex of conifers, contain resin-cells ; 
in the longitudinal parenchyma, only the resin-cells that 
surround the resin-ducts contain turpentine ; so do frequently 
the last cells of the annual zones of wood in silver-lirs and 
tsugas. In tlie cortex, besides the cells of the medullary rays, 
the phellodeim, hypoderm and the gate-cells of stomata, 
contain turpentine. 

Resin-ducts are formed only at the time of the formation of 
the plant-part, which contains them ; there is not, in conifers, 
any subsequent formation of intercellular spaces liy the di.s- 
solution of tissues. The partition of the walls of a cell in 
order to form a duct and the flow of turpentine into the duct 
are simultaneous. The diameter of a duct increases by the 
division of the cells that surround it, and as each new cell is 
formed, more turpentine Hows into the duct. In the wood, 
there is no increase in the breadth of a duct after the year of 

H. Mayr, “ Die Secretionsorgane der Fichte uiid Liirche.” Bot. Zentralbl. 
1885. Also, “ Das Harz der NadeUiolzer.” lievliii, 18114. 
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its formation ; in the bark, the growth in the diameter of the 
tree increases by tension the diameter of the resin-cells till 
rhitidome is formed. 

The course of the horizontal and vertical resin-ducts in the 
wood is described on p. 37 ; Mayr has proved that each 
horizontal duct arises from a vertical duct, so that there is 
always a connection between these two systems of ducts. 
{Fig. 869). There is also a connection between horizonal and 



Fig. 369. — Border of two 
annual zones in spruce. 
a Commencement of 
last year’s lesin-duct. 
A Interruption of tlie 
pith, a End of present 
year's resin-duct ; the 
horizontal ducts (//and 
f) spring from the ver- 
tical duct {f. 



Fig. 370.— ’The intercellular spaces of the vertical 
duct (t an<l of the horizontal duct A, showing 
the connection between them. 


vertical ducts, wherever these ducts meet accidentally, as 
between (/) and (d). (Fig. 369), when both canals show 
largo intercellular spaces (dotted lines in Fig. 369). 

In pines, after the year of their formation, the cells of the 
ducts remain thin-walled ; in spruces, larches and Douglas-firs, 
more and more of these thin- walled cells are converted 
gradually into thick-walled, normal parenchymatous cells* 
Shortly before the transition of sapwood into heartwood, all 
the thin-walled cells that contain plasma form tylloses, 
which block the ducts (Fig. 370). 
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This olOBiire of resin-ducts, when the wood becomes con- 
verted into heartwood, is of special importance for fixing the 
quantity of resin that is removed from a tree by resin- 
tapping, and for adjudging the effects of this practice on the 
quality of the wood. 

Vertical resin-ducts do not exhibit, as has been maintained 
frequently, an uninterrupted course through the stem ; 
according to Majr, the longest resin- duct in spruce does not 
exceed 07 ni. in length at the base of the tree, nor 0'4 m. in 
its upper portion. For larch, 
the corresponding figures are 
0-a m. and 0*15 m. The 
shortest ducts are near the 
branches; the central course 
of a duct is deeper than its 
two ends, in the annual zone, 
the ends being formed later 
than the central part of the 
duct Many ducts end with 
the annual zone close to the 
cambium, but without continu- 
ing in the following year in 
the new zone of wood. Verti- 
cal ducts, that adjoin one 
another, place their lumina in 
communication by means of a 
group of parenchymatous cells, 
with adjoining thin walls. The 
number of vertical ducts in- 
creases slowly with age, on certain cross-sections of the 
wood; the south side of a tree contains more ducts than 
the north side. 

Horizontal resin-ducts* are always narrower than vertical 
ducts ; they lie in the middle of medullary rays and continue 
in them into the bast, where they end abruptly. Their 
number is considerable ; in spruce, there are to 110 ducts 
on a square centimeter, but there are fewer ducts in the 
central parts of a stem than above or below it. Buring the 
season of rest, a horizonal duct is separated by the compact 



Fig. 371.— Cro;,s-scction through a 
vertical dact, which is snr- 
rounded hy the expansion of a 
cell (^0' Thick-walled paren- 
chymatous cells, c c Cells of 
inedullary rays containing 
starcli and drops of turpentine. 
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cambium into two parts, one in the wood and the other in 
the bast, so that turpentine cannot pass from one to the other ; 
only with the new year’s growth is the connection between 
them restored. 

All wound -parenchyma (occlusion -tissue) in wood is an 
abnormal holder of turpentine (p. 129); such a tissue con- 
tains certain wounds that are externally invisible, as are some 
frost Avounds, while others are externally visible and cause an 
exudation of resin between the new and dead tissues, so that the 
SAA^elling is more or less encrusted with resin. Abnormal resin- 
ducts occur also in genera which have also normal ducts (spruce, 
larch, pines and Douglas- firs), as well os in the other conifers. 
They are of pathological origin, as Tschicli showed in Berne 
that pathological conditions, especially those due to root-fungi, 
also cause excessive formation of resin -blisters in the bark of 
silver- fir and Douglas-fir, as was proved by Mayr, in 1893. 

The course of resin-ducts in tlie bark and needles varies in 
different species ; in spruces and Douglas-fir s, Loth the ducts 
of the needles pass into the cortex and there unite Avith the 
vertical ducts that are 8, 13, 21, 2fi, etc. in number. The 
cortical ducts of tw^o years shoots form tAvo exclusive systems 
Avithout any connection (Fig. 369 a. c,). 

If a vertical cortical duct is cut, only a small quantity of 
resin exudes. When rhitidome is formed, on the south side 
of a tree, in the seventh year, on the north side in the tenth 
year and in a dense w^ood in the fifteenth year of the tree, the 
first cortical res in-d nets are cut off, so that spruce and 
Douglas-firs exhibit longitudinal ducts only up to the thirtieth 
year ; the bast under the rhitidome is, hoAvever, rich in hori- 
zontal ducts. In silver-firs and hemlock- spruces, the course 
of the vertical ducts in the cortex is the same as in the spruce ; 
but parts of the cortex of both these genera, as Avell as 
Douglas-fir, swell into blisters which may be tapped for resin 
commercially. The duets remain active for a number of 
years, in silver-fir for eighty years; the bast contains no 
resin-ducts. In pines, only one and two years old plants, 
that bear simple needles, are constructed after the pattern of 
the above genera, the clusters of needles (2, 3 and 5), Avbich 
appear later, bear two resin-ducts in the two edges of each 
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needle and one in its curved side. None of these ducts 
are continued into the cortex, but there is a connection 
between the vertical ducts of the cortex of different years’ 
shoots, that is formed early owing to the growth in tliickness 
of the verticilary branches ; cork begins to form in ten years. 
In larches, there is no connection between the ducts in the 
needles and in the cortex, only the short duets in the brachy- 
blasts represent the vertical cortical ducts of the other coni- 
ferous genera ; the ducts in the hypodermaof the longitudinal 
shoots die in the first year, when cork is formed; the hast 
contains horizontal duets, as in spruces, pines, and Douglas- 
firs. 


Skction II, Ckemical and Physical Properties of Tur- 
pentine, OR Resin, 


Turpentine is a mixture of fixed and etherial carbohydrates ; 
by its distillation, oil of turpentine is obtained, with the 
formula Cio IIic- Usually the mixture is spoken of as resin, 
and oil of turpentine, as turpentine. 


Owing to the evaporation of ethei-ial turpentine and its 
oxidation, resin usually solidifies into rosin or colopliany, 
which is partly crystalline and partly amorphous. If fresh 
resm is taken from a tree and dried, the rosin forms a trans- 
lucid, solid mass. The rosin increases in bulk w'ith tlie age of 
a tree, as more and more of the etherial oil becomes oxidised, 
Ihe following table shows clearly this transformation for 
spruce and common pine, the figures representing the per- 
centage of rosin in the resin that exudes ; — 


Sapwood of spruce 
Resin galls „ 

Sapwood of pine . 

Hearfcwood „ 

Sapwood of Weymouth pine 
Heartwood of larch . 

Bark of silver-fir 
Sapwood of Pinus ri{^u/a . 


74*87 per cent. 

80-90 „ „ 

69*48 „ „ 

75*59 „ „ 

61*70 „ „ 

79*33 „ „ 

62*85 „ „ 

64*15 „ „ 
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Section III. — Distribution of Resin in Trees. 

According to Mayr’s investigations, normally the root-wood 
is the richest part of a tree in resin, then in the order given: 
the base of the stem up to two meters, branchwood, the upper 
part of the stem in the crown of the tree, the clean bole and 
the bark. The part of a tree that is moat valuable as timber, 
the bole, is therefore the poorest in resin, the southern half of 
the hole contains more resin than the northern half ; the sap- 
wood, in spite of general opinion due to the flow from it of 
liquid turpentine, is always poorer in resin than the heart- 
wood. In the branches, contrary to the laws of gravitation, 
the upper side is more resinous than the lower side. The 
quantity of resin increases with the age of the tree, but 
decreases again when the tree is over 200 years old or there- 
abouts, so that the central zones of heartwood contain less 
resin than its outer zones. All conifers produce more resin 
in hot than in cold localities ; so that border trees, trees in 
heavily thinned woods, on southerly aspects, in low latitudes 
(altitude being equal), or on sandy soil, produce more resin 
than under opposite conditions. The ascent and descent of 
resin in a tree is independent of the specific weight of its 
parts. 

The following data regarding the amount of resin found in 
living trees is taken from Mayr’s own observations (2’2 lbs. in 
a kilo.) 


Afie of tree in 
years. 

Species. 

Locality. 

, 1 

Contents of I’esin in > 

(3o cub. It.) 1 

100 

Silver-fir . 

Bavarian plateau 

Sapwood, 3‘18 kiln^. 

100 

Spruce 

•1 >? 

„ 3-02 i 

45 

Curamon pine . 

Donautal . 

13-SO .. 

113 

J! U 


„ 24 23 „ 

113 ! 

1) 1! ■ 


Heartwood, 33'9o •< 

235 1 

)> n ■ 


Sapwood, 20'8r> .. 

236 i 



Heartwood, 37’23 ., 

80 ; 

Larch 

Bavarian plateau 

„ 34-03 .. 

138 

Weymouth pine 

Wisconsin . 

Sapwood, 29*47 

8.5 


Anspach , 

„ 18'82 
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111 or^er to compare the contents in resin of foreign trees 
ivith that of German trees, tlie percentage of resin in 
absolutely dry wood is given below: 



(.irauiiiKis, 

Norway spruce 

0-896 

Bavarian silver-fir .... 

1-213 

„ spruce .... 

.■ 1-498 

N. American Douglas-fir . 

1-934 

Tyrolese larch 

. ■ 2-340 

Norway pine 

2-426 

Alpine mountain-pine 

3-040 

Hamburg Douglas-fir 

3-892 

Bavarian plateau larch 

4-588 

Danube valley pine .... 

5-240 

Bavarian Weymouth pine . 

6-704 

N. American ,, . 

7-876 

„ Pitch-pine {PinuH palustriH) 

8-278 


The above table shows that Weymoutli pine is richest in 
resin of all German conifers, then in succession, common pine, 
larch, spruce and silver-hr. Douglas-fir is intermediate 
between spruce and larch, while pitch pine is more resinous 
than all the other conifers. . Absolutely dry branehwood and 
rootwood also contain the following percentage of resin:— 


Branehwood of spruce 

5-909 

Itootwood » 

9-857 

Branehwood „ larch 

4-400 

Bootwood „ „ 

5*835 


Every exposed wound in a tree causes an abnormal local 
amount of resin, as the tension of the internal tissues presses 
the resin over the wound, and after the water in the sap has 
evaporated, the resin flows into the cell -walls and cell- 
lumina. This resinosis does not occur in wounds of the 
heartwood, for there is no flow of resin from heartwood. 
Eungi, such as Armillarea melUay Fames amiosiis {^i'rmnetes 
radiciperda), Dasyscypha calyciha {Peziza), Pesltdozzia, Perkier- 
etc., also cause a flow of resin, and resinosis ; at the 
rootstock, especially of pines, by decay, the rosin is driven 
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gradually to the interior of the wood, which becomes charged 
with resin. Kesinised wood, owing to its easy combustibility 
is excellent for kindling purposes, and in mountain districts 
abroad is still employed for torches. For this purpose stems 
were peeled of bark in order to induce resinosis. [Brandis 
states (Forest Flora of N.W. and Central India, 1874) that 
the wood of stumps of trees of Pinus longifoliaj in the 
Himalayas, which have been notched and mutilated, is often so 
full of resin as to be translucent, and such wood is used for 
torches, and in place of candles, in houses and mines.”— Tr.] 
Nowadays resinous wood is produced by the fungi mentioned 
above, or as a bye-product of resin-tapping. 


Section IV. — Resin-tapping of Standing Trees. 

The method employed for resin -tapping depends on the 
species of tree and on the part of the tree from which the 
resin is taken. In order to avoid repetition, the reader is 
referred to the anatomical discussion that has preceded. 

* Among European species, the maritime or cluster pine 
{Pimis Pinaster, Soland.) may be tapped most advantageously 
for resin ; this pine yields resin most abundantly near the 
sea-coast between Bayonne and the mouth of Charente, chiefly 
among the sand-dunes and landes (waste, sandy tracts) of 
Gascony. In other parts of France, where the maritime pine 
grow’s either naturally or artificially, resin- tapping is not 
sufficiently remunerative to be practised. 

Although other European conifers also yield resin, they do 
not furnish it in sufficient quantities for resin-tapping ^ 
their case to become a regular industry. In France, at any 
rate, their wood is too valuable to be exposed to the damage 
which the operation causes. However, as the silver-fir, spruce, 
larch, black pine and Aleppo-pine are sometimes tapped, it is 
useful to know how this is done. The Scots, mountain and 
Cembran pines are not tapped. 

According to Sargent, the principal world- supply of oleo- 
resin comes from tlie long-leaved pine {Piniis palnstris) and 

* The ref-fe of this section is taken chiefly from Boppe's “ Tech link's' 
forestiere.” 
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the marsh pine {I\ serotiua) of the North American States, 
North and South Carolina, Georgia, Alabama, Mississippi, 
and Louisiana. Dr. Mohr states that 2,000,000 acres of these 
pines were being worked for resin in 1890, and that about 
500,000 acres of new forest were taken up annually. In five 
or six years after these forests have been invaded, they present 
a picture of ruin and desolation painful to behold, the seedlings 
and poles being burned and all hope for the restoration of 
the forests excluded. At present, attempts are being made 
successfully to introduce a conservative system of resin-tapping 
into these forests * (Fig. 368). 

In India, resin-tapping has been introduced by Government 
agency in certain forests of Pinus lonrjifolia in the North-West 
of India, and is practised on a careful plan based on that 
employed in Gascony. Besin also may be obtained in India 
from PImis exceha; from P. Khasya and P. MevkusU, in Burma 
and the Malay States, also from Pinus Thicnhercfu in Japan. 

A. — Supply of Besin from the Maritime Pine in the 
Landes of Gascony. 

1. Mode of Toppiiuf, 

The maritime pine contains very large and numerous rcsin- 
ducts, and the flo\v of resin being much more active in the 
sapwood than tlie heart wood, superiicial cuts into the former, 
which pass through these canals, cause the resin to How into 
receptacles placed to receive it. 

Towards the end of February or the beginning of March, in 
order to prevent pieces of the coarse external bark from 
mingling with the resin, the rough bark or rliytidome of the 
maritime pine is trimmed off as a preparatory measure, so 
that only a few inner cortical layers are left outside the sap- 
wood; they then present a smooth reddish surface. Only 
poitions of the trunk that are to be tapped during the ensuing 
season are thus prepared. 

From the 1st to the 10th of March (according to the 
weather), the resin-tapper makes an incision with a special 
implement in the trunk of suitable trees. This is in the shape 

Dpr ^ Method of Turpeutiue Oivhardiiig," by Dr, C. H. Hertz, U.S. 

partment of Agriculture, Bull, xl., li)U3, 

z z 2 
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of a groove {carve) near the base of the tree and where the 
bark has already been trimmed, about 10 centimeters wide, 
3 centimeters high, and 1 centimeter deep (4 inches by 1 inch 
by •§ inch). From this groove the resin flows in viscous trans- 
parent drops, which thicken on contact with the air : part of 
the resin solidifies, becoming attached to the surface of the 
groove ; the remainder, being more liquid, flows into a recep- 
tacle which has been placed on the ground to receive it. Rain- 
water, which may fill the pots, always remains above the resin, 
the specific gravity of which is slightly higher than that of water. 

Once a week, and once every five days during the season 
when most resin flows, the groove is cut by slicing off a thin 
shaving of the wood at its upper extremity. The groove thus 
becomes gradually longer, its breadth remaining constant or 
being gradually reduced. As the groove becomes older, the 
resin ceases to flow ; in freshly cutting it, the resin-tapper 
slices the surface of the top of the groove for a length of 10 to 
12 centimeters (4 to4J inches), his chief skill being shown in 
removing only a very fine shaving of the sapwood, so that the 
operation may be resumed several times without cutting 
deeper than 1 centimeter. This operation is effected forty to 
forty-five times during a season, but ceases after the 15th of 
October. The groove is cut in successive years up to a height 
of 3 or 4 meters (9| to 13 feet). 

Formerly, the resin which ran from a groove was collected 
in a hole dug in the sand at the foot of the tapped tree. This 
method, which now is abandoned nearly everywhere, had many 
disadvantages. The sand in which the hole was dug absorbed 
much resin ; besides this, when the groove became elongated, 
the resin had to traverse its whole length before reaching the 
ground. In flowing over the groove, therefore, the resin lost 
much volatile matter, and became hard ; needles, pieces of 
bark and particles of sand were blown on to it by the wind, 
and water or other impurities mingled with it. 

In order to prevent the consequent waste of resin, Hugues, 
in 1860, devised a method for catching the resin immediately 
below the points of exudation by means of a little zinc collar 
which was fixed across the groove, and for collecting it in a 
■ glazed, conically -shaped pot, 14 centimeters wide at the top. 



TAPPING MARITIME PINES. 


7U9 


8 centimeters at the base (5| and 3 inches) and 14 centimeters 
deep. Then, after cutting a groove, the collar is fixed below 
it, and the pot placed on the sand under the collar and gradu- 
ally raised with the cut, as explained below. Every spring, 
the whole apparatus is raised above the sterile portion of the 
groove, where the former year’s tapping had stopped (Fig. 372). 

In order to fix the collar, an incision is made with a sharp, 
curved, steel implement, and the collar fixed in the incision. 
The pot is supported between the collar and a nail driven into 
the tree below the pot. The pots also are bored with a hole 
near their rim, so that they can be suspended, if necessary, 
and this hole allows any 
rain-water, which is in 
the pot, to drain away. 

Frequently, evaporation of 
the turpentine is prevented 
by covering the pot with 
a thin piece of pinewood. 

This improved system has 
increased the yield of resin 
by from 8 to per cent., 
and yields a much purer 
resin than before, selling 
at 10 francs a cask more 
than that collected in the 
sand. 

Only the more liquid parts of the resin reach the pot, the 
rest solidifies on the way and remains attached to the groove. 
The upper part of this solid crust is removed easily by hand ; 
it is thus collected by tlie resin-tapper, and is termed galipot. 
The resin in contact with the wood is much harder, and can 
be removed only by a scraping implement. This substance, 
mixed with chips of wood, is termed harra^i. When collected 
according to Hugues’ method, hardly any (lalipot is produced, 
the residue being chiefly harras. 

After the pot has become tilled sufliciently with crude resin, 
the collector empties it into a kind of basket {escou-arU), holding 

This, and all plates used in this section (except Fig. 381) arc taken from 

oppe g “ Technologie forcsti^re." 



Kig. 372.* — lIugiKw’ collar ami pot. 
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about 20 litres (4f gal.) and made of rough cork, with wooden 
hoops, an osier handle and a round piece of wood for its base; 
at the same time he scrapes off the harras, whicli falls on to a 
cloth spread below the tree to receive it. Then the resin is 
conveyed to reservoirs [harcous], formed of half-casks let into 
the ground alongside the forest roads, with removable, sloping 
wooden covers, which keep out the rain and impurities. The 
harras is either mixed with the crude resin in the harcous, or 
packed separately in palm -leaf baskets, imported for the 
purpose from Algiers or Egypt. From the reservoirs the resin 
is ladled into casks, and carried to the factories in carts with 
very broad wheels, on account of the sandy nature of the 
roads. It is, however, proposed to improve transport of both 
resin and timber in the Forest of La Teste, by constructing a 
tramway to Arcachon, about 12 miles distant. 


2. Implejnents vsed. 

Various implements are used for cutting grooves, removing 
the crust of resin from the trees and conveying the produce to 
the factories. 

An ordinary axe is used for trimming the bark before the 
grooves are cut. 

A curved axe (aJtschot), with a short handle (Fig. 37!3), is 
used for cutting and freshening the surface of the groove. 
The blade should be sharp as that of a razor, so that the resin- 
ducts may be cut cleanly. Its irregular shape renders it an 
instrument difficult to construct and use ; it can be used skil- 
fully only after long practice, and experience in India shows 
that better work can be done there with an ordinary adze. 

The scraper {pelle) (Fig. 374) is made of iron, topped with 
steel ; it is fixed to the end of a wooden handle a yard long. 
It is used for scraping the lower portion of the grooves, and 
under the old method, for digging holes in the sand and 
removing the resin from them. 

Another scraper (harrasqmte) (Fig. 375) has a curved, sliaip 
blade with a handle 1 J metres (4 feet 10 inches) long. It i^ 
used for removing bark which cannot be reached by the axe 
and also for collecting the harras from the same places. 
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Another implement, termed rasdet (Fig. 376), has a handle 
1*80 metres (5 feet 10 inches) long ; it has also a step, and is 
used sometimes to raise the height of the grooves when above 
the reach of the workman’s abschoL The workman, however, 




Fig. 374.--Pdle. 


frequently stands on the step of the rasckt and uses his 
curved axe. 

Fig. 377 shows another scraper (poiissc), with a handle 
2 meters 40 centimeters (7 feet 9 inches) long, and used, like 
the banasquite, for the higher portions 
of the groove. The pcdot (Fig. 378) 
resembles the qwvssf’, hut its handle is 
only 90 centimeters (1 yard) long; it 
replaces the pdle^ when the Hague s’ 
method is adopted, and may be employed 
also as a dibble for sowing acorns or 
pine seeds. 

The resin -tapper also uses a kind of 
ladder (Fig. 381) made of a small pine, 
into which steps are cut 30 centimeters 
(1 foot) apart. Each step is strengthened by a nail to pre- 
vent breakage. Considerable practice is recpiired for a man 
to remain perched on this ladder whilst using the abschoU 
with both hands. 

Idle spatula (Fig. 379) is used for scraping off the resin 
which adheres to the pots, or to the t'scfum/ fc', 



Barr.asquite. 
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The workmen make their own ladders and ascomrte, and 
buy the other implements at the following prices : — 

The axe, or ahschoty 1 franc 50 centimes the kilogram (say 



6^/. a pound), or fi or 7 francs each ; the harrasquite, 2 francs; 
the jwussc, 2 francs 50 centimes ; ih^pahtf 1 franc 50 centimes ; 
the })ell€, 2 francs. 


3. Method of Cutting the (irooves. 

Commencing at the ground-level, the grooves ascend tlie 
stem as follows ; — 


EvA of- 

M. C. 

tVet Iiiclifs 

First year .... 

0 55 

1 0 

Second „ . 

1 

f 2 

Third V(!ar .... 

2 or> 

r. H 

Fourth „ , 

2 KO 

0 l 

Fifth „ . . . . 

Thus in the first year the 

8 80 

12 1 

length of the cut is — . 

0 r,o 

1 0 

Second year .... 

0 75 

2 5 

Third „ . . . . 

0 75 

2 5 

Fourth „ , . . . 

0 75 

2 5 

Fifth „ . . . . 

1 00 

5 3 


The width of the groove is 9 centimeters (3 inches) for the 
first four years, and 8 centimeters (2J inches) in the last yeai. 
Its depth never must exceed 1 centimeter (f inch) when 
measured below a string stretched across the groove from the 
base of the bark. 

The number of grooves cut at the same time in a tree vai) 
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according as the tree is tapped without killing it, or tapped 
to death* 

Pines that are intended to be removed in thinnings and 



those which are considered mature are tapped to death. 
Such pines should remain standing for only a few years, 
and therefore the greatest 
possible amount of resin 
should be extracted from 
them. With this object, 
two, three, four, five and 
sometimes six grooves, 
according to its sijse, are 
cut ill the same tree 
(Fig. 3H0). 

Pines are tapped with- 
out being killed, when 
they are intended to re- 
main for some time stand- 
ing in a wood. They 
must be tapped so that 

fcteir existence is not uoma., figures rofcno^..-c™^ive 
compromised, nor their 

vigour seriously diminished. It is therefore best, in this 
case, to make only one groove in a tree at a time. A\hen, 
after five years, this groove is 3 meters 80 centimeters 
(about 12J feet) high, it is left untapped for several years, 
and then another groove commenced at lo or 20 ccntiineteis 
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(5 to 6 inches) distant from the former, or on the other 
side of the tree exactly opposite to it. Thus, in time, 
grooves are made all round a tree, and then fresh ones are 
made between them. By this procedure, resin is extracted 



t CroAs-scctioii of a pine which has been tapped " alive repeal cilly.” 


1 - Groove cut wlien 11> ycai-H old. 

M 22 ’ „ 

27 

1. 


Groove cut when 34 yciirs old. 
ti. 3S ,, 

7 . „ 42 „ 

s. „ 4i; „ 


The last grove still in use. 


3^3)*^^ pines are kept; alive for a long period (Figs. 382, 

^ When, owing to a tree being exceptionally vigorous, or to bad 
leatment, two grooves are made at the same time, which is 
generally the case in private forests, they should he worked 
SHnultaneously at different heights. 
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4, Treatment of Forests where Resin4apping is Practised* 

One of the best examples of a maritime pine forest in 
which resin -tapping is practised is the State Forest of La 
Teste, in latitude 45°, near Arcachon, bordering the Bay of 
Biscay. It is situated on a sandy soil, with layers of iron- 
pan, termed alios. The rainfall is 3ii inches and the mean 
temperature 56° F. With the exception, along the coast, 



Kig. 383. — Cross-suctioii of a pine first tappwl “ alive,” and then fnpped 
to de.'ith. 

(irooves I to 7 made from age of 21 every 4 years to 15. Grooves L I'l IN. 
made at the age of 51 years and have killed the tree. 

of 1,580 acres of protection-forest which is very scrubby 
owing to the violence of the westerly winds and serves to 
protect the better portion of the forest from wind and shifting 
sand, the remaining area (4,600 acres) is worked chiefly for 
resin. It is divided into 12 compartments, averaging 
acres each, which are regenerated successively when from 55 

* This account is the result of a visit made by the translator to the forest of 
La Teste, in 1894, witli Mr. Hearle, when Mr. Orandjean, the local forcst-olfieeti 
kindly afforded full information regarding the management of the forest. 
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to OO years old, there being then from 80 to 100 trees per 
acre which are all tapped to de.ath in the course of five years. 
The trees in a compartment 55 years old are for this purpose 
sold standing and must be felled within the five years, being 
meanwhile made to yield all their available resin. The under- 
growth of pine seedlings, tree-heather {J^rica arbor ea)^ arbutus, 
gorse, etc., is cleared away, and the area sown naturally by 
seed which blows on it from adjoining areas, artificial sowing 
being effected, if necessary, to complete the regeneration. 

Thinnings are commenced when the saplings are about 
five years old, maritime pine requiring more exposure to light 
than almost any species, especially if it is to yield resin as 
well as timber. These thinnings are repeated every five 
years, the trees being about 10 feet apart when 20 years old ; 
the material is not saleable in the Forest of Teste till it is 30 
years old, being often given away gratis for fuel, or left to rot 
on the area, which it does rapidly. In older thinnings, trees 
over 1 meter 10 centimeters feet) in girth which are to be 
removed are tapped to death in five years, whilst the other 
trees over this girth are tapped alive, as already described. 
Trees of less girth are not tapped. 

A workman and his wife* can fill 60 casks of crude resin 
(each containing 50 gallons) from 5,000 to 6,000 grooves, 
representing double the number of trees ; half the value of 
the resin collected (about 900 francs = .£36) is paid him in 
return for his labour. One groove yields quarts in a year. 

The estimated! outturn per acre of the fellings sold in 
1891 was : — 


- 

Ag‘‘. 

No. of trees upped. 

Tiijibcr. 


Ri'sili. 

Year;}. 

Alive. 

To deaUi. 

C. feet. 

C. feet. 

Gallons, 

Final felling . 

56 to 60 i 


94 

1,925 

1,090 

480 

Last thinning . 

61 to 65 , 

68 

11 

148 

172 

210 

— ' 








M. Grandjean kindly has supplied the following figures ; (a) A groove on 
® average, according to the size of the tree, yields 1 kilo. 880 gr. (1 litre 
about 1 kilo.) ; (J) A man can look after about 5,000 grooves in a 
<wid collect 40 casks of 285 litres each. 

T From account by N. Hearlc, Indian Koivster, July, 18t)5. 
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The timber is cut mainly into raihvay-aleepers and pit-props, 
which latter are exported chiefly to England. 

The French forest oflicials do not consider that 00 years is a 
long enough rotation to get the full benefit from the forest, 
especially in timber, and it is proposed to lengthen it to 75 
years, with 15 compartments. 

Private forests of maritime pine near Arcachon are managed 
chiefly for the yield of resin, and consequently are tapped 
younger and more severely than are the State forests. 

Boppe estimates that in a private maritime pine forest, 45 
years old, each tree will yield to 10 pounds of crude resin 
per annum. The yield per acre varies greatly, according to the 
nature of the soil and the management ; 250 to 450 pounds 
per acre per annum are given as the extremes. The value 
of the casks of resin containing 235 kilogram (625 pounds) 
was 40 to 45 francs in 1885, but only 30 to 85 francs in 1894. 

One of the reasons for the variation in price is that the 
spring-crop of resin is much lighter-coloured and freer from 
impurities than the autumn -crop, in which ban^as is added by 
the workman to the extent of 50 kilograms per cask. 

The chief dangers in the forests of maritime pine are fires 
and invasions of shifting sand, the protective measures 
against which are described in Vols. IL and IV. of this 
manual. 


B. — Tapping Othkr Species for Eesin. 

1. Silver-fir, 

Most of the crude resin in the silver-fir is contained in its 
bark, where a few drops of resin accumulate in little project- 
ing blisters. It is collected by pressing these blisters with 
the sharp nozzle of a small tin vessel. This practice, which 
yields little and is being abandoned gradually, produces 
Strasburg resin. 

2. Spruce* 

The spruce is tapped for resin by cutting long narrow 
grooves (3 to 6 centimeters broad and 1 to 1‘5 meter long) 


* [This account is taken from Gayer.— Tr,] 
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through the bark of the trees down to the cambium-zone. As 
a rule, two grooves are thus cut on opposite sides of a tree, 
and when the supply of resin from them falls off, two more 
are opened between them (Fig. 384). The 
crude resin pours over these grooves from 
the large radial resin-ducts and gradually 
covers them with a hard crust of resin. 

About a year after tapping, in the second 
summer, the -workman removes this crust 
with a special iron implement, scraping it 
into a conical basket, made of spruce- 
bark, placed below the groove; he after- 
wards empties the basket into a larger 
one, in which the resin is well pressed 
down. 

The callus, which forms over the wound, 
is cut about every four years to expedite 
the exudation of resin. 

The process of resin-tapping causes 
decay in spruce trees, and by depriving 
the wood of its resin reduces the quality 
of both timber and firewood. If, how- 
ever, the usage be restricted to the last 
10 years before the trees are felled no 
damage is apparently caused, except tlio reduction in size of 
the logs, due to the grooves cut in the stem. 

The annual yield of resin from spruce trees in Thuringia 
80 to 100 years old, when tapped during the last 10 years 
before they are felled, is 30 pounds of galipot and 43 pounds 
of crude resin per acre. 




3. Larch, 

Most commercial larch-resin comes from Austria, where 
two methods for its extraction are employed, as reported by 
Marchand.f 

(a) The Styrian Method.— A hole, centimeters (1 inch) 

* The wood of the black aucl maritime pines, on the contrary, becomes more 
resinous when tapped. 

t “ Mission forestiere en Autriche.” Arbois-Jarel, 1809, 
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in diameter and 80 to 120 centimeters (2J to 4 feet) long, is 
bored with an auger into the trunk of a tree as near the 
ground as possible, sloping upwards and passing across the 
axis of the tree. Crude resin exudes through this hole into a 
pot placed at its entrance, from which it is guided to the pot 
by a piece of spruce bark. Impurities are kept out by cover- 
ing the pot with a leafy branch of spruce or a piece of bark 
(Fig. 378). 

Resin-tapping exhausts the larch, so that the resin is 



collected for a season only at a time, the hole being then 
stopped with a piece of wood which is removed after a rest of 
from two to six years, when the flow of resin recommences. 
By means of this precaution the tree may be tapped for 30 
years, or more. 

(b) Tyrolese Method. — In this 'case (Fig. 386) the hole in 
the larch tree is somewhat larger than the preceding one 
(3 centimeters) and is either bored horizontally or at an angle 
towards the axis of the tree, being then closed by a ping* 
The resin which accumulates in this hole is removed m 
autumn by means of a specially made spoon. 

The process is carried on only at intervals, as in the p^e 
ceding case; but, though it yields more resin at first, i 
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weakens the tree more than the Styrian method and cannot 
be applied for more than 15 to 20 years. 

Tapping the larch for resin yields very little profit to the 
owner of the trees— via., about per tree annually. This 
is as nothing when compared with the damage caused to the 
wood ; only trees 150 to 200 years old can be tapped. 

4, Black Pine. 

The black pine (Pinits Laricio, austriaca) is tapped in the 
Wiener wald by removing the bark from the base of the tree 



Pig. S86,— Tyrolese method of tapping larch, 

over about one-third (Gayer says two-thirds) of its circumfer- 
ence to a height of 40 centimeters (15 inches). A V-shaped 
niche, which serves as a reservoir for the resin, is then cut 
into the base of the tree, below this blaze. The blaze is 
trimmed several times in a season by cutting into the sapwood, 
^nd in succeeding years it is heightened annually by 40 centi- 
liters, small pieces of wood being inserted in cuts made in 
the blaze, so that the resin may not form too thick a crust, 
hut may fall into the niche. The crude resin is removed from 
the niche once a fortnight, and the crust and dry resin in 
autumn. Thus, at the end of 10 years, the blaze wiU be 4 
“meters (13 feet) high. 

Ihese broad blazes are never occluded by new wood ; the 
F.tJ, B A 
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stem, however, becomes saturated with resin and does not decay. 
There is a considerable loss of timber, owing to the groovinrr. 

The black pine yields from to kilos (5J to 10 pounds) 
of crude resin per tree annually ; 50 pounds of the crude resin 
yield 7 to 10 pounds of oil of turpentine, and about 80 pounds 
of colophany. 


Section V. — Yield or Resin and Effects on the Trees op 
Resin-Tapping. 


Practical experience in resin-lapping gives the following 
annual yield of crude resin per tree, for the various species, 
the reduction in resin is approximately proportional to the 
coolness of the climate : — 


Pinus Rhasiana 

15 lbs. 

„ Merkusii 

. . 13 „ 

,, palustris 

9*25 „ 

,, Pinaster 

G-6 „ 

,, longifolia 

. 5-5 „ 

„ austriaca 

. 4*6 „ 

,, Do (old trees) 

. 8-88 „ 

„ excelsa . 

. 2-64 „ 

Picea excelsa . 

. . 11 „ 


The usage is leased on a definite area, or at so much a tree 
annually. In the latter case the height of the groove is 
limited. The resin may be harvested also by the forest 
manager and the resin sold. 

The effect on the trees of resin-tapping, according to Mayr, 
does not involve a deterioration of the heartwood, either in 
specific weight, strength or durability. . This has been proved 
by experiments made by Gomberg* in the strength of tapped 
and untapped trees. The sapwood is said to become less 
durable, its durability is little enough in any case. Never- 
theless the consequent deterioration in the utility of the 
timber is considerable. That resinous wood is formed around 
the grooves is not unimportant. Stoger and Seyffertf hnve 
proved that cones and seeds of tapped pines are small and tha'* 
the seedlings are weak, though no degeneration of the trees 


* United States Department of Agriculture. “ Forestry Bull.” 8, 181^8. 
t *■ Zentralblatt f. das ges, Forstwesen.” 1878, 1885, 
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owing to tapping haa been proved. Nordlinger showed* that 
during the tapping, narrow-zoned and heavy wood is produced, 
but that this wood is weak owing to the waviness of the fibres.’ 

The most valuable part of the resin is the oil of turpentine, 
which is obtained from crude resin by distillation and is 
collected in a cooling tank filled with water. The process is 
explained in the next section. 


The percentage of oil of turpentine in the resin of different 
trees is given below ; — 

Spruce, 

German turpentine 

20 per cent. 

[Piiius longifolia, 

Indian „ 

32 „ „ — Tr.] 

Maritime pine, 

French ,, 

25 „ „ 

Austrian „ 

Austrian „ 

25 „ „ 

Longleaved „ 

American „ 


Larch, 

Venetian ,, 

„ „ 

25 „ „ 

Silver-fir, 

Strassburg „ 

33 „ ,, 

Tsuga, 

Canadian ,, 

18 „ „ 

riie distillation of turpentine from the wood of felled trees 

yields only impure turpentine mixed with 

resin and tar. Tar 


is made from resinous wood by dry distillation in pits or in 
closed retorts in remote forests. [This is described at length 
by Mathey (“ Exploitation commerciale des bois.”) Ordinary 
charcoal-kilns are erected in the Landes, and the tar runs out 
below and is collected by a channel leading into a reservoir 
from wliifih it can be ladled out after 60 hours burning of the 
kiln ; it is then removed every G hours, the resulting charcoal 
is light.— Tr.] 

Section YL — Extraction of Oil of Turpentine and 
Rosin from Crude Resin, f 

Casks of crude resin continue to reach the factories at La 
cste from March to October, the last consignments being 

Nordlinger, “ Einfluss der Harzung auf Wachstim u. Holz der S chwaitz 
fohre.” 1831 . 

in th *^ccount is taken mainly from papers by N. Hearle and E. MeA. Moir 
th r Forester,” June and July, 1895, Both < hese gentlemen, as well as 

visited a resin-factory at La Teste, near Arcaeboa- 
^ information given in this chapter has been 

iiin V through his kindness. Mathey, op. cU., gives a more detaiied ami well 
'^i«strated account of the process, -Tr. 


3 A 2 
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dark-coloured and inferior in quality. From it, oil of turpen- 
tine, the chemical formula for which is GioHie, is distilled, 
leaving deposited an oxidised substance which is solid at 
ordinary temperatures, and is termed rosin, or colophany. 

These substances are separated from one another in the 
following way : 

i. By melting and filtering the crude resin, so that the water, 
sand, pieces of bark and other impurities* are separated from it. 

ii. By distilling the crude resin, the oil of turpentine and 
colophany are separated from one another, as these substances 
have different boiling-points. 

The crude resin, after being passed through straw filters, if 



Fig. 387.— (After Ilearle.) 

sufficiently fluid for this to be done, is placed in an uncovered 
vat (Fig. 387, No. 1) and heated until it is completely liquefied. 
This allows heavy substances, such as sand, etc., to fall to the 
bottom of the vat, while light impurities, chips of wood, hark, 
etc., float on the surface of the melted resin. This is a very 
delicate operation, as if heated unequally, the resin is liable to 
catch fire. 

The impurities are separated from the resin, either by 
ladling it through straw-sieves, or passing it through a grating 
into a second vat. The operation of heating and filtering goes 
on a day in advance of the distillation, so that three vats are 
required, No. 1 vat being always used for boiling and the other 
two vats, alternately, as reservoirs from which the resin is 
ladled into a small tank from which it is passed through a 
tap to the retort shown in Fig. 387. 

This is the method employed late in the autumn, when the 

• Chiefly Jarvaa of insects. This accounts for the flies in amber, fossil resin. 
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resin contains many impurities. Earlier in the year, it is passed 
directly from vat No. 1 to No, 2, a retort in which it is distilled, 
the arrangement of the vats then being as shown in Fig. 887. 

The resin in the retort is heated to a temperature of about 
185^ F., steam {by the use of which 80 per cent, more turpen- 
tine is obtained) being admitted through a pipe. From this 
retort, vapour of the oil of turpentine and water-vapour pass 
through a coil of tubing into a cooling tank, where they are 
condensed ; then they are drawn oft’ into a smaller tank, the 
water remaining below with the turpentine floating on it, owing 
to the lower specific gravity of the latter. The oil of turpentine 
is run through an overflow pipe into a zinc vessel mounted on 
a truck, and conveyed by means of a tramway to the turpen* 
tine shed, where it is pumped into large metal tanks, measuring 
10 feet by 6 feet by 6 feet, from which it is drawn, as required 
for sale, into old Spanish wine-casks. No system of purifying 
is in practice, and it is sold just as it issues from the still. 

The water, which is removed by a syphon from below the 
turpentine, passes after use through a series of shallow open 
tanks in a court-yard, from which it is pumped by a small 
steam engine into an elevated reservoir ; it is then used again 
for cooling the turpentine. The engine also drives steam into 
the distilling retort. 

The liquid colophany, after distillation of the turpentine, is 
allowed to How from the base of the retort by removing a 
wooden plug stamped with clay. It runs into a straining tank, 
passing over a very fine copper wire sieve, which catches most 
of the impurities it has still retained ; the rest falls to the 
base of the straining tank, in the form of a black deposit 
resembling pitch. The straining tank has a tap placed about 
half-way down, through which the liquid colophany passes 
during autumn into another vat, from which it is ladled into 
t^rgo casks containing about 800 lbs. 

Inuring summer, however, after a sample has been taken 
out in a tin mould, the rest of the colophany is at once ladled 
from the straining tank into buckets, then it is carried to an 
open court-yard, where it is poured into open shallow metal 
about two inches deep and slightly smaller in diameter 
^kiin the casks in which it is packed tin ally lor sale. It there 



726 PROPERTIES, HARVESTIKG AND DISPOSAL OF RESIN. 


cools into cakes which are exposed to the sun till sufficiently 
bleached ; they are then placed, one above the other, in the 
casks and eventually unite into a single mass. 

Great attention is paid to uniformity of colour in each cask, 
the sample shown to the purchaser being the worst coloured 
in the cask. The colophany goes into four main classes, for 
spring, summer, autumn and winter, the first being lightest 
coloured and most transparent ; and the last, made chiefly of 
harraSy being darkest. The tints vary from very pale trans- 
parent yellow to dark amber. When nearly black it is termed 
hrais. Great stress is laid on transparency, denoting purity of 
the samples, as well as on their light colour. The dark amber- 
coloured colophany is worth only one-third the value of the 
palest brand, the prices varying from 4s. to 12s. 9d, per 100 lbs. 

Besides the main classes of colophany, the commercial 
grades range from A. the darkest, to N. extra pale, superior to 
which are W. window-glass and W. W. water-white. These 
are American brands, which have been adopted in France. 

A barrel of 620 lbs. of crude turpentine yields 364 ll)s. 
colophany, 110 lbs. oil of turpentine and 46 lbs. refuse. The 
oil of turpentine sells at about 25s. per 100 ibs. Most of the 
manufactured produce goes to Bordeaux, whence it is shipped 
to the principal European countries, or used in France. The 
chief British supply of rosin at present comes from the United 
States of America, being 1,320,852 cwt. in 1906, while 235,864 
cwt. came from France, 72,748 cwt. from Si^in, and 21,263 
cwt, from other countries, the whole being valued at £819,319. 

The quantity of oil of turpentine imported into the United 
Kingdom in 1906, was 512,836 cwt. valued at £1,076,870, 
chiefly from the United States of America (396,332 cwt.) and 
Eussia (78,334 cwt.) 

Section VII. — Commercial Products from the Crude Eesin 
OF THE Maritime Pine.* 

The different products of crude resin are : — 

Galipot Brais. 

Oil of turpentine, Turpentine paste, 

Colophany. Pitch. 

* From Boppe, op. cU, 
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Galipot is dried resin picked from the tapped trees, and is 
used in certain varnishes, also in naval construction, especially 
in Holland, for painting ships and masts. 

Oil of turpentine is distilled from crude resin ; it is used 
chiefly in oil-colours, varnishes, and medicine. 

Colophany is the best part of the residue after distillation 
of crude resin, and is used for soap, papier-macho, sealing- 
wax, etc. 

Brais is obtained by heating in a retort the straw sieves used 
in filtering the resin, and also pine-roots. It is used in making 
torches, and is run into small square boxes round four or five 
wicks, and these are lighted on frosty nights, burning with a 
dense smoke, which protects vineyards from frost ; it is used 
also for soldering metals, or may be made into pitch. 

Turpentine paste is used for varnish, sealing-wax, litho- 
graphic ink, etc. There are three kinds : — The ordinary quality 
is obtained after crude resin has been filtered hut not distilled. 
Pale au soleil is obtained when crude resin is exposed to the 
sun’s heat in vessels filled with holes, through which the more 
fusible portions exude, forming the paste in question. When 
casks full of crude resin are exposed to tlie sun, the portion 
exuding through the staves is termed Pate de Veitise, Tlie 
comparative values of these three kinds are as 37 : 40 : 250, 
these numbers in francs representing the value in each case of 
100 kilograms. 

By burning the roots and stumps, and the residue from the 
factory, in closed masonry chambers separated by metallic 
walls, lamp-black is obtained. Finally, by distilling pine- 
wood, pine oil is obtained, which may be used for lighting 
purposes, or as an antiseptic for preserving wood that is used 
in the open. 

[Fig. 368 (p. 698) gives the latest American metliod of tapping Pinvs 
which, and P. heterophylla, the Cuban pine, is borrowed from Mayr's 
suggestions, given in “ Harz cler Nadelhiilzer,'* Berlin, USiH, but does not appear 
to l)e so goorl as the French method already described, p. 707,— Tr,] 
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CHAPTER V. 

OTHER MINOR PRODUCE FROM TREES, 

Camphor is a carbohydrate of tough, crystalline nature, with 
a characteristic scent and taste ; it evaporates at ordinary 
temperatures. [There are two kinds of camphor, Japanese 
and Borneo camphor, their respective compositions being 
CioHgO and CioHgO ; the latter has an aliaceous odour and 
thus may be recognised. — Tr.] 

Camphor is formed in sac- like prolongations of parenchy- 
matous cells in the sap\Yood and other parts of the lauraceous 
camphor tree, Cinnamontum Cainphora; the camphor also 
accumulates in the cells of the heart wood and root- wood of 
very old trees contain the most of this substance. Pure white 
camphor is obtained by cutting the wood into small pieces and 
dry distillation. Japan has the chief forests of camphor trees, 
and by the conquest of the Island of Formosa has practically 
a monopoly of this product ; its yearly export is about 2,500 
tons of camphor. The dipterocarpoiis tree, Drpobalanops 
C amphora, growing in Sumatra, Borneo and the Malay Penin- 
sula, yields Borneo camphor, nine trees producing aboutacwt. 
It is exported to Japan and China, and there used locally in 
preference to Japanese camphor, which alone comes to Europe. 

Coniferin is a glucocid, which, by absorption of water, passes 
over into glucose. It occurs chiefly in the sap of the cam- 
bium of conifers, at the end of each year’s growth. By 
oxidation, on being treated with dilute acids, coniferal- alcohol 
is formed, and by further oxidation, Vanillin j the latter is in 
white, aromatic crystals, exactly resembling those derived 
from the pods of the Vanilla plant. 

Sugar, as cane-sugar, occurs in the sap of all woody species, 
especially during the season when the cambium is fully active. 
Economically valuable sugar can be obtained only by wounding 
certain species, such as maples and birches. It is not known by 
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what means the sugar is produced ; probably it is connected 
with the conversion of starch into sugar, in connection witli 
tliG tui'gescence of the sapwood. According to Dr, J. Gifford 
(‘‘Practical Forestry/’ 1902), America produces annually, from 
maples, 25,000 tons of sugar and 250,000 gallons of syrup. By 
tapping the tree in January, the air- temperature is over 
O^C., the sugary sap exudes freely. The sugar-maple [Aar 
mcharum) is bored with an auger at 2 to 8 feet from its base to 
a depth of 2 to 4 inches and a piece of elder-wood without its 
pith, or a metallic tube inserted in the boring, a vessel being 
liung from the tube in order to collect the sap; the maximum 
annual yield of sap by each tree is about 40 gallons, from 
which 10 lbs. of sugar is made, or on the average 4 lbs. of 
sugar per tree. The sap is removed every morning, and its 
flow stops when the leaves come out. Trees should not be 
tapped till they are thirty years old, but afterwards may be 
tapped as long as the tree is alive. Hitherto no injurious 
effects in the quality of the wood or the vitality of the tree, 
except for the wounds caused, have been found to result from 
tapping the sugar-maple. European maples yield sap, which is 
hardly inferior in flavour to that of maple- syrup ; the sycamore 
is specially suitable. [/Vmoeu* sijli'estns, the wild date-palm, is 
tapped in India for syrup, which is boiled down and refined 
into sugar, or fermented into an alcoholic drink. — Tr.] 

The birch also yields sugary sap when tapped before its 
leaves sprout. This sap is used partly as medicine, partly 
<dter a slight fermentation, as a beverage {birch -wine). 

Trees, chiefly troi)ical, yield dyes, which are extracted from 
their wood-cells; such as Bodwood from Pernambuco {Casal’ 
pinutia hraziUendSf C, eckinafaf (7. Sappan ) ; Logwood {Ilaema- 
ioxfjhm campechianum), from the W. Indies; Bed Sanders 
{l^terumrpus santalinns), from tlie Cuddapah district of Madras, 
•llie bark of the N. American dye oak, Quercus velutina 
(fhiefona), yields a yellow dye, so does Fustic from the wood 
of ^hdura tinctoria, from tropical America and the W. Indies, 
the bark of the root of the Osage orange-tree, loxplon 
pomiferuvi {Madura aiirantiaca) from N. America; the inner 
^Ai’k and roots of the common barberry also afford yellow dyes, 
does Phellodeiuiron ainureuse from Eastern Asia ; the woods 
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of European trees and of other foreign trees yield a brow'n 
extract. The husks of the fruits of Rhamnus Frangida and 
other species yield useful dyes ; the former are imported from 
Turkey and Persia as Yellow or Persian berries. [From the 
bark of Rkavinus chlorophni'us and R, utilisj the Chinese pre- 
pare a very beautiful green dye called Chinese green indigo, 
used also for dyeing silks at Lyons, and a similar dye has 
been extracted from R. catharticus. — Tr.] The green chloro- 
phyll and the red erythrophyll of plants are used but rarely 
as dyes. The fact, that many vegetable dyes are more per- 
manent than dyes prepared from coal-tar, alone enables them 
still to compete with the latter. 

Gums are widespread in the wood of many species, being 
components of their cell-walls, but only when contained in 
bark are they of commercial value, as they then exude through 
wounds in the bark of trees. Gum in the bark is suspended 
as latex in the sap. 

[The chief kinds of gum* are gum-arabic, gum-tragacantli, 
gum-resins, copals, oleo-resins, and elastic gums. It is of 
great importance that the gums collected from different species 
should not be mixed, and that they should be free from bark, 
earth and other impurities. 

Gum-arabic is a clear, white or yellowish gum, very soluble 
in water ; it is produced by Acacia Senegal of N. Africa and 
also growing in Sind, the Punjab and Rajputana. Othei 
acacias yield inferior gums, and so does Bauhinia rettm, a 
small tree of N. India, and many others, including the cherry- 
tree and other species of Prunus, the gum being of pathological 
origin. These gums are used in calico-printing, in medicine, 
in giving lustre to silk and for many other purposes. 

Gnm-tragaeanth is insoluble in water, but swells up ; it 
produced by species of Astragalus and Steradia. Gum-resins 
are partially soluble in water, and a type of these is gamboge, 
the produce of Garcinia Morellaj a tree of Eastern India and 
Ceylon. A thin slice of bark is cut off of the size of the palm 
of one’s hand, the gamboge collects there and is scraped off, 
when sufficiently dried. Gutn-kino, a bright red, astringei^^ 

• » Indian Forest Utilization,” R. S. Troup, Supt. of Govt, Printing, Calcutta, 
1907. 
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gum-resin, from Pterocarpus Marsupium, from India and 
Ceylon, contains 75 per cent, of tannic acid. 

Dammar, or copal, is a gum-resin used in making varnish. 
The finest transparent dammar comes from Danimara orientalis, 
the Amboyna pine, growing in the Molluccas ; I), australis 
(New Zealand) also yields dammar, so does Valeria indica, a 
large tree of the Indian Peninsula, its dammar being white 
and valuable. Common dammar comes from Agathis lora 7 ithi^ 
folia, a conifer growing in Borneo and the other large islands 
of the Indian Ocean. 

Dae IS a lesinous incrustation on the twigs of various 
Indian trees produced by a minute hemipterous insect, 
Tachardia Lacca. This substance contains a crimson dye, 
known as lac-dye; also sheUac, used in making varnishes, 
cements, sealing-wax, lacquer work, lithographic ink, gramo- 
phone records, etc. For a full account of the metliod of 
production of lac, the reader is referred to Troup’s “ Indian 
Forest Utilisation.” 

Elastic gums include the valuable products, caoutchouc, or 
rubber, gutta-percha and balata. 

Caoutchouc* is the produce of various trees, shrubs .and 
climbers, growing generally within 250 miles north, or south, 
of tlie equator, usually with an annual rainfall averaging 
80 inches, but in the Congo not exceeding 40 indies; the 
tollowing are the chief species that yield caoutcliouc : 


^Vatural Order. 

Genus Mill Species. 

Loculi ly. 

KuiMroItHIACKAK . 

lievea bra/ilieusis. 

Viilleys nf the Amaxiui and 



OriiKico, 


Mnniliot Glaziovii . 

Oejim. 

Aktocajipaceae . 

Micraiida major . 
Castilloa clast ica . 

Amazon. 

Aineiica. 


Ficus elastica 

Assam, Ihinna, Java, 


„ Vogelii 

Gold Coast. 

Apocynacear 

„ various 

Soudiin, Venezuela. 

Hancomia spcciosa 

Peniatubuco, Feru. 


Carpodinus lariccolatus . 

Congo State. 

1 

Urceola elastica , 
Funtumia (Kick8ia)ela.s- 

Borneo. 


tica .... 

W, and C. Africa. 

Asclepiadeak 

Landolphia (many sp.) 

Madagascar, Mozambique. 

Calotropis gigantea 

Assam. 


' India-rubber and 
balata, H, L. Terry. 


its Manufactures," with chapters on gutta-percha and 
Constable A Co., London. 11)07. 




732 


OTHER MINOR PRODUCE FROM TREES, 


Caoutchouc trees show great variations in form and size. 
The Uerea and Ficus elastica are huge trees, while the Lnndol- 
phias of W. Africa are lianes, and the rubbers of the Congo 
State are obtained from the rhiijomes, or underground stems, 
of plants that grow only one or two feet above the sand. The 
best rubber is obtained from the Hevea in the Amazon valley, 
and is known as Para rubber. Its composition is as follows : 

Caoutchouc 31*70 per cent. 

Albumen 1*90 „ 

Other nitrogenous and saline matters 10’03 „ 

Water 56'37 „ 

The best quality of Para rubber is smoked carefully with 
palm nuts, before export. Kubber is prepared also most 
carefully in the Congo State, and is consequently in great 
demand. 

Terry says, that, leaving out the wasteful destruction of 
trees by felling, the followu’ng points in the preparation of 
rubber call for special attention : 

1. Careful tapping so that other juices of the tree may not 
be mixed with the latex. 

2. Avoidance of mixing latex from several species so as 
to increase bulk. 

3. Pemoval or sterilisation of fermentible albuminous 
matter. 

The raw rubber production of the world for 1906 has been 
calculated at 65,000 tons, of which 41,000 come from tropical 
America, 22,000 from Africa and 2,000 from Asia. It is a 
characteristic of the tropics, that frequently plants from all 
tropical districts can be planted successfully in any tropical 
district. As extensive plantations of Hevea and other rubber- 
plants have recently been made in Ceylon and in the Malay 
peninsula and in Islands, the supply of caoutchouc from 
Asia will become gradually more important than it is at 
present. 

Gutta-percha is the produce of the sapotaceous trees. 
Dichopsis Gutta and D. oblongifolium of the Malay peninsula, 
and of Borneo, Sumatra, Java, Celebes and the Philippine 
islands. Gamble states that the method of production has 
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been very wasteful hitherto. The tree is felled and the bark 
stripped or rings cut in it at intervals of a foot. The sap 
oozing out is collected, put in a pot and boiled with a little 
water, it is then run into moulds. The trees used are 30 to 
35 years old, each tree yielding 2 to 3 lbs of gutta-percha. 
French exports say that it can be obtained from the leaves, 
which, H. C. Hill (Report on Forest administration of the 
Federated Malay States, ],900) says yield the best gutta-percha, 
valued at 155. a lb. Hill recommends the planting of the 
above-mentioned species, with Fagmea fragrans and Afzclm 
imkmhanica to act as nurses, and advises experiments being 
made to ascertain the most economical method of obtaining 
gutta-percha with the least damage to the crop of trees. 

Gutta-percha differs from caoutchouc chiefly in its plasticity 
under heat.* Thus, if a piece be put in water, that is 
heated gradually, it becomes more and more plastic, until at 
190'" F. it can be drawn out into forms which it retains on 
cooling. It is used specially in submarine cable-factories 
and also for making golf-halls and for otlier purposes. 

In 1899 the imports of gutta-percha were as follows : 

Great Britain 1531 tons. 

Rest of Europe .... 2494 „ 

United States 197 ,, 

Terry says that since the completion of the all-British 
Pacific cable, exports and prices have materially declined. 

Balata occurs as a latex in the bark of several sapotaceous 
trees, of which Mimusopg halata is the principle producer. 
The tree is found in many equatorial I’egions, but chiefly in 
^'enezuela, the Guianas and the W. Indies. Terry states, that 
unfortunately it is lumped together with gutta-percha in our 
trade returns, but as it is used largely in the manufacture of 
belts for driving machinery and is much more resistent to 
atmospheric oxidation and in toughness than gutta-percha, its 
Production should be an important industry ; it is used very 
iaigely in beet sugar-factories for machinery belting, as it 
withstand the chemical solutions met with. About 1,000 
tons annually are imported into Europe,— Tr.] 

• Terry, op, cit^ 
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Bird-lime is_ made from the fruits of mistleto {Vucum 
album) and from the inner bark of holly. The inner bark of 
Trochodendron (Japan) yields a stronger bird-lime. Hydran- 
geas, Hibiscus and Acer erataegifolium (Japan) supply size for 
paper. 

Lacquer from China and Japan is made with latex of Rhus 
vernicifera. 

Oils, fats and wax.— Usually oils are pressed from seeds; 
beech-nuts, walnuts and hazel-nuts and many other fruits 
yield oil. Vegetable wax covers the bark of Myrica cerifm, 
in the southern States of N, America. Wax used in Japan 
for making candles and oil, is obtained from the seeds of Rhus 
succcdanea, which also grows in the Himalayas. [The euplior- 
biaceous tree, Sajnmn sehiferuMf the Chinese and Japanese 
tallow -tree, is cultivated in India, wax-candles are made from 
it in China and Japan, the wax being separated by boiling the 
seeds. Cocoaiiut oil is prepared from copra, the dry kernel of 
Cocos unci f era, which is an important article of trade. — Tr.] 

Salicin is a bitter substance prepared from the bark of 
willows and poplars and used in medicine as a febrifuge, 
instead of quinine. 

Quinine is a bitter alkaloid, coming into trade as a phosphate 
or sulphate. It is present in the bark of species of Peruvian 
Cinchonas, which are cultivated in subtropical countries, as 
coppices, resembling those for oak-bark. In very wet localities 
during the monsoon, the bark is stripped from the tree close 
to the cambium, which produces fresh inner bark. In Java, 
by grafting shoots that are very rich in quinine, on naturally 
grown seedlings, a 20 percentage of quinine has been obtained. 
[In India,* Cinchona Calisaya, at moderate elevations, yields 
the best bark, rich in alkaloids, of which quinine forms from 
half to four-fifths, C. officinalis, at high elevations, is not 
quite 80 rich, while C. succirubra, thrives at lower elevations, 
but is comparatively poor in quinine, though rich in cinebo' 
nine and chichonidine. The trees grow in Peru, at altitudes 
from 2,300 to 8,000 feet above sea-level. — Tr.] 

* G.'imble, “ Manual of Indian Timbers.’’ 1902. 
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CHAPTER I 


UTILIZATION OF FOEEST HERBAOE FOE PODDEE. 

Tub natural fodder produced by forests can be used in 
several ways for cattle-fodder, either by driving the beasts 
into the forest to graze, or by allowing men to cut grass or 
the leaves of woody plants, and use them for stall-fodder. 
The present chapter is therefore divided into two sections : 
pasture, and grass-cutting. 

Section I. — Past u he. 

Forest pasture includes all grasses, herbs, leaves and shoots 
of shrubs, as well as forest plants. The best grasses and 
herbage for milk production in the Alps are : Poa alpina, 
Alchemilla alpina, Phintago alpinus, Mcnm mutdJina, AchiUea 
moschata, etc,* The amount of fodder depends on considera- 
tions, which are discussed under the following headings. 


1. Amount of Fodder. 

a. Climate. — The production of fodder is greater in 
favourable climates; the cattle may be admitted into the 
forest at the end of April, or the beginning of i^Iay, and may 
remain till the middle of October. In unfavourable climates, 
the duration of pasture is much shorter, in the higher Alps, it 
lasts for only 10 to 12 weeks. May and June afford the best 
pasture, at high altitudes, also July; in these months there is 
Kiore fodder than in all the rest of the season, 

b. Soil, — As regards soil, the amount of clay it contains (up 
to a certain point) is the chief factor in producing fodder: 
sandy soils produce as a rule the least grass; limestone 
mountains also produce little grass, being characterised often 

W', Strecker,“ Erkennen u. Bestlmmen Jer Wiesengiuaer, ” 3i'd edition, 
IDOo. 
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by scarcity of springs and a slow disintegration of the roek. 
They also abound in deep clefts. As soon, however, as a little 
clay is mixed with either sand or limestone, provided that the 
soil does not thereby become too stiff, or impermeable by 
water, plenty of grass will be produced. An abundant and 
constant supply of water during summer is almost more 
important than a mixture of clay, for grass production. On 
this account, the crop of grass on a naturally dry soil is 
markedly increased by an admixture of humus, or by the 
shelter of a thinly stocked wood [of larch, for instance —Tr.], 
which moderates radiation from the ground and protects it 
from drying winds : for this reason, mountain-forest grazin'^ 
grounds and grassy blanks are so much moister than those 
outside the forest. Anyone can observe the increased deposi- 
tion of dew in open land with scattered shrubs and hushes 
which keep-off the wind, and the comparative dryness of 
similar land without this protection. The depreciation of the 
Alpine meadows in the Tyrol, and in many parts of Switzeiland 
and Austria-Hungary, is due chiefly to the clearance of forests. 
If the soil once suffers a diminution of steady moisture, sour 
grasses, rushes, etc. take the place of sweet meadow-grasses. 

c. Insolation. — Grasses, clovers and most fodder-plants fire 
usually light demanders ; many of them love exposure to full 
sunlight, and these are most nutritive, though somewhat hard; 
other grasses and herbs are half-shadebearers, being less 
nutritive than the light demanders, but they have softer leaves 
and shoots. For this reason, tracts, that have been freed from 
trees, by dear-cuttings, storms or fire, become covered with 
willow-herbs {Epilohium), or fleabane etc., and are 

less favourable than those shaded by isolated trees— such as 
oak-pastures in wide river-valleys, mountain larch-woods, 
larch plantations, meadows with pollards— forms of woodland, 
the chief object of which is to favour pasture. 

In forests, the ground becomes covered with herbage first o 
all among light-demanding trees, oaks, birches, pines, etc. 
(Dr. Peters found that this verdure under trees comes from 
seeds, that have remained for a score of years and more » 
rest in the soil). Among shadebearers, in dense woods o 
spruce, silver-fir, or beech, there is no herbage; the soi 
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covering consists chiefly of dead leaves. In high forest, the 
most favourable localities for pasture are: narrow strip- 
fellings, or large clear-cut areas; extensive fellings under a 
shelterwood, that have been rendered unfit for natural 
regenerations by storms, which have blown down the mother- 
trees, are the best places in a forest for pasture. Next to 
these come coppices and coppice- with -standards, with their 
areas either clear of trees or slightly shaded by the standards. 
Natural regeneration under a shelterwood diminishes the 
growth of herbage ; in thoroughly successful cases, there is 
nothing for the beasts to eat except the young crop of forest 
trees. 


2. Species of Cattle, 

Forest pasture is used chiefly by horned cattle; also by 
sheep and goats; less frequently by horses or ponies. [In 
India, elephants, camels and buffalos may be added to the 
above list. — Tr.] Among these, horned cattle do the least 
damage, for they prefer grazing on the ground, and as long as 
there is suflficient grass and herbage, will not attack the woody 
plants. The sheep likes dry pasture, and prefers short grass 
among woody plants, to a strong, luxuriant growth of grass, 
and especially prefers fodder that has grown unshaded by 
trees ; it attacks woody plants much more freely than do horned 
cattle. If there are no dry pastures, sheep peel trees in a 
similar way to red deer. The goat is absolutely destructive to 
the forest, and no other beast shows such a preference for 
woody plants, which it will attack, however abundant the 
supply of grass may be. This greedy beast, often indeed 
indispensable to the poor peasant, bites off the buds, young 
shoots and leaves, of almost every woody plant within its 
reach; no forest is too remote for it, and no mountain too 
iofty, no patch of woody growth beyond its reach, and it even 
kears-down fairly tall saplings with its fore-legs, in order to 
nibble their juicy tops. Forests in the Alps, the South Tyrol 
Southern Switzerland, which were formerly so \vell 
^’ooded, and those of Spain, Greece, Sicily, etc., have been 
destroyed chiefly by herds of goats ; even up to the present 
a limit has not been put to their ravages. 

3 J3 2 
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Young cattle are always more harmful to the forest than 
older beasts; even calves form no exception to this rule, 
nibbling woody plants partly out of playfulness, partly to 
assist dentition. Whilst a flock of full-grown sheep may be 
driven without much danger through a beech or spruce 
reproduction-area well stocked with grass, as is sometimes 
done in the Harz, this can never be the case with lambs. 

It is evidently necessary to base the number oi cattle 
admitted to graze in a forest on the amount of available 
fodder it contains. Very many Alpine forests, for instance, 
have suffered greatly from an excess in the number oi cattle 
admitted into them by grazing-rights. As a rule, the require- 
ments of fodder per head are proportional to the weight of the 
beasts ; thus, a cow of average size, weighing 200 kilos 
(4 cwt.), requires daily for its complete nourishment 7 to 8 
kilos (15 to 18 Ihs.) of hay ; if, as Hundeshagen calculates, for 
every cwt. 1*8 to 2 kilos (4 to 4|^ lbs.) of fodder are necessary. 
If calves are reckoned at two-thirds and sheep at one- tenth 
the weight of a full-grown cow, 5 kilos (11 lbs.) of bay are 
required for a calf; and | kilo (1| lbs.) for a sheep. It is 
impossible to say what is the average yield of fodder in forests 
open to grazing, but grass, equivalent to 700 to 900 kilos of 
hay per hectare (5J to 7 cwt. per acre), may be cited, as the 
supply in good localities. 


8. National-economic importance of Forest Pasture. 

The gain to agriculture through forest pasture, from the 
large quantities of grass and other herbage which forests 
annually produce, and from the maintenance and exercise of 
the beasts in the open air, is too self-evident to be controverted. 
On the other hand, the supply of manure is diminished con- 
siderably, and whenever, as now almost everywhere, the latter 
is the turning-point of agricultural profit, forest pasture 
clearly a hindrance to agricultural success. The more 
unfavourable, however, the agricultural conditions, and the 
more the farmer is compelled to . use all available means m 
order to be able to feed his cattle at least through the winter, 
the greater value does he attach to forest pasture, k’nrest 
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pasture, therefore, at present prevails in forest countries that 
ire recently populated, in mountain -forest regions where the 
;limate is severe, and also in districts where landed property 
8 much sub-divided. 

Every settler in a virgin forest district seeks to increase the 
rrowth of grass as much as possible, and opens out tlie dense 
:over of the trees for this purpose. The trees are girdled ; 
ire, which traverses the forest annually, expedites the growth 
)f grass by destroying the forest and leaving a prairie in its 
dace. In America, Asia and Australia as in many localities 
n Europe, the opening out and destruction of the forest is the 
sarliest mode of utilising it. 

Mountainous districts permit only of poor farming ; there, 
crops of artificial fodder ai-e scanty and the yield in straw is 
insufficient for the winter’s fodder-supply. Most mountainous 
forest districts are in this plight. The less favourable the 
conditions for agriculture, the more are the people driven to 
cattle-breeding, and tlie more they value forest pasture ; in the 
Alps and higher mountain-chains of the interior of Germany, 
cattle-breeding and the production of milk and cheese are 
the chief popular industries, and forest pasture far exceeds 
silvicultural limits. 

Excessive sub-division of landed property is also a great 
niceutive to forest pasture. Wiiere the poor peasant hardly 
possesses enough land to grow potatoes for his family, and 
can scarcely manage to stack sufficient fodder for the winter 
supply of his cattle, he will pasture them as long as possible in 
the forest. 

4. Effects of Pasture on Forest Management. 

(a) Advantages of Forest Pasture. 

In only a few cases does forestry gain any advantage from 
pasture. These should not, however, be overlooked ; they 
consist in the suppression of dense growth of grass and herbage 
in regene ration -areas and plantations, in protection against 
and, to some extent, in keeping the surface- soil free for 
^he germination of seeds. 

There are many sheltered regeneration-areas with moist and 
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rich soil, on which, after only a moderate admission of light, 
such a strong growth of grass appears, that the woody plants 
under it must be stifled if the herbage is not carefully removed. 
It cannot be denied that in the Schwarzwald, the Harz, etc., 
many young plantations and woods owe their existence to 
cattle-pasture. Nevertheless these cases, in which grazing ia 
useful, are very much less numerous than those in which it 
is prejudicial, and have caused the economic ruin of foresta 
and their conversion in mere brushw^ood ; this is specially 
true, where goats are permitted to graze in the forest. 

Frequently, danger from mice follows from a dense growth 
of grass, especially in felling-areas near fields. Under and 
between the dry procumbent tufts of grass, the mice find 
sheltered winter-quarters, where they collect in swarms, 
especially under deep snow, and cause great damage to young 
beech and other plants by gnawing their bark. When cattle 
trample in the grass and herbage which is full of the runs of 
the mice, and the covers that protected them against enemies 
and the cold, have been removed, damage to forest by mice 
becomes much less formidable. 

It has been observed in many places, that in scantily-atoeked 
old woods with consolidated soil, where cattle have pastured, 
natural regeneration is obtained more easily than in others 
closed to grazing, provided the cattle are removed when the 
seed germinates. This is due to the wounding of the soil, 
caused by the tread of the cattle, especially on somewliat 
sloping ground. 

(b) Disadvantages of Forest Pasture. 

The realisation of the above-mentioned advantages from 
forest pasture ia always more or less attended with danger to 
the forest. The damage which cattle effect in a forest is 
due chiefly to improverishing the soil, browsing on the forest 
plants, and trampling on their roots and on the soil. 

i. Impoverishment of the Soil. 

Every usage which removes forest produce must conse- 
quently reduce the fertility of the soil ; it is incontestable that 
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pasture removes, in the fodder consumed, large quantities of 
nutritive mineral matter from the forest and reduces the 
organic matter necessary for the formation of humus. The 
damage done is however slight, for the dung of the cattle 
remains in the forest, and many organic products are composed 
chiefly of air ; only on shallow calcareous soil, or on gravel, 
can the superficial soil be said to deteriorate. 

ii. Damage hj Brotvmg. 

Cattle graze not only on the grass and herbage of the soil 
covering of forests, but also browse on the leaves, buds, and 
young shoots of woody plants. That, by this browsing, 
especially if repeated annually for long intervals of time, 
forest growth is seriously damaged and its very existence 
endangered, may be proved by the present condition of hun- 
dreds of acres of forests, even if the fact is not accepted as 
self-evident. When and where browsing is to be feared, and 
the extent to which woods are thus endangered, depends on 
the larger or smaller supply of fodder-plants on the grazing- 
grounds, the species of cattle admitted to graze, the suscepti- 
bility of the woody species, the season for grazing, the age 
of the woods and the system of management. 

Supply of Fodder. — It is obvious that when cattle do not find 
sufficient grass or herbage on their grazing- grounds, they will 
attack M'oody growth. 

The condition of the animals as regards fodder is of 
immense importance to the well-being of the forest. Hungry 
cattle, of any kind, will attack woody growth much more 
readily than those that are well fed ; if, therefore, there is 
only scanty herbage in a forest, the damage done by either 
horned cattle or sheep may be considerable. It is on this 
account that the half- starved flocks of sheep driven annually 
from Lombardy to the Engadine and the Tyrol are always so 
^destructive to the forests. So, also, cattle, reared from their 
youth in forests attack woody growth much more than cattle 
accustomed to meadows and only occasionally driven into the 
forest. Milch cattle and breeding cattle always require the 
djcat fodder, and satisfy their hunger without wandering far ; 
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young cattle thrive on inferior herbage, and it is even 
beneficial to them to be driven far into the forest for their 
fodder. 

Species of Tree.— In general, broadleaved species suffer 
more from cattle than conifers; among them, it is (unless 
they possess acid or bitter sap) chiefly light-demanding species 
that are most attacked, such as ash, aspen, sallow, syca- 
more ; but also hornbeam. These species are attacked when 
isolated among beech, even where there is plenty of herbage. 
It is characteristic of cattle to prefer locally rare woody 
species to those ot which a wood is composed chiefly. Whilst 
in districts where beech predominates, it rarely suffers 
provided there is plenty of grass, beech-plants springing up in 
coniferous wmods with scanty herbage are attacked so freely as 
to grow into abnormal shapes, which can be hardly recognised 
as trees. Oak and alder are loss liable to attack than the 
species already mentioned, and except the alder, the birch is 
the only European forest tree, which is browsed rarely by 
horned cattle. Sheep spare beech more than do horned 
cattle, but they attack light-demanding species freely, even the 
bircli. The goat is impartial in its taste for woody species. 
Among conifers, silver- fir and larch are more endangered 
than spruce and pines, which hitter suffer from browsing. 
The spruce escapes more easily than the softer silver-fir ; the 
larch grows more rapidly out of danger, as the larch forests of 
Wallis and the Engadine show. 

Season for Pasture. — Pasture is most dangerous to woody 
growth at two periods of the year: in the spring, when the 
young shoots appear and the foliage is tender and most 
nutritive ; again, late in autumn, when the grass has become 
hard or scanty. The least damage is therefore done at 
the season when the grass is still soft and juicy, and the 
annual upward growth of the woody plants is about finished, 
i,e. from the end of May till the middle of July. In the higher 
Alpine pastures, however, the grass is not fully grown till the 
second half of June. If cattle are brought into the forest only 
when the grass has become tough and there is little after- 
growth, they will browse certainly on woody plants. Cattle 
should not be driven into the forest in the morning before the 
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dew has nearly dried from off the grass, or else they will attack 
the woody plants ; they will also do so in wet weather. 

System of Management.~No damage is done by pasture 
ill clear-fellings that are planted only after remaining blank 
for a few years, as a protection against the pine-weevil* : 
it may be advisable to continue the pasture after the 
planting has been effected, in order to keep down the 
grass, otherwise the area is closed to grazing, and in 
woods managed by the group system. In selection forests, 
not only is there far more fodder produced, but damage 
by cattle is more widely distributed than in concentrated 
even -aged forest. 


iii. Dnma<je hy TminpUny, 

It is evident thnt young plants must be damaged when 
trampled by the hoofs of heavy cattle ; foals are most hurtful 
in this respect ; sheep also, owing to their sharp hoofs and 
short stride, in spite of their comparatively light weight, do 
much damage. Besides trampling-down young plants and 
shoots and bruising young superficial roots, calves jump 
about and crush saplings and poles. The amount of damage 
done, however, is modilied by the configuration of the 
ground. 

On level or gently sloping ground the damage done by the 
tread of cattle is only slight ; on steeper slopes, however, both 
horned cattle and sheep, when grazing in narrow strips of forest 
or passing daily in the same direction, make straight, narrow 
paths, on dry slopes where the grass is scanty. The effects of 
trampling are, however, much worse on steep, damp slopes, 
with a clay subsoil, the cattle at each step slipping and 
making grooves in the surface-soil, and burying every plant in 
their way. In forests with a deep moist coating of humus, 
where cattle come for the first time, it not unfrequently 
happens that whole crops of trees perish, because the cattle 
expose the superficial roots that are in the humus. Spruce 
crops may thus become affected wholesale with root-rot, owing 
to the wounds the cattle cause to their roots. 


* See Vol. IV. of this Mauiial. 
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Section IL — Gbass-Cuttinq. 

Demands for grass are increasing in all forest districts. 

Localities, which produce large quantities of grass, may he 
distinguished as permanent, or temporary, grass areas. To 
the former belong regular forest meadows, which owing to theii’ 
naturally moist condition are adapted for a prolonged supply 
of good grass. Temporary grass areas include all those 
destined for the production of wood, biit which, during the 
young stages of woody growth, are adapted for the production 
of grass ; besides these, all blanks in the forest, such as the 
sides of ditches, road-sidings, rides, fire-lines and other 
similar places, may be included here, for unlike permanent 
meadows they are not kept clear from woody plants expressly 
for grass-production. 

The permanent grass-areas are lands contained in the 
forest area, but used for the production of grass : these are 
lands liable to inundations from rivers and brooks, or near 
permanent springs, which afford the necessary supplies of 
subsoil moisture ; lower parts of valleys between mountainous 
slopes ; Alpine pastures, or similar areas, with rich moist soil 
in mountainous countries. Wherever there are extensive 
areas of this nature, and fodder is scarce, every means should 
be employed that the farmer uses to improve his meadows ; 
often only a small expenditure is necessary to obtain a better 
crop of grass, by removing stones and rocks, draining swamps, 
or planting rows of trees far apart. It is not only the direct 
utility to the forest that should be considered by the forest 
manager, but public duty also should impel him to endeavour 
strenuously to increase the local supply of fodder, especially 
in essentially forest districts, where the poor peasantry are 
constantly increasing in numbers and becoming more and 
more impoverished. 

For a temporary supply of grass the most important 
places are : — felling. areas and plantations with moist grass- 
producing soil, there, if the grass be cut carefully, this can 
be done not only without injury to the forest, but in tbe 
case of grass that chokes the plants, with most beneficial 
results. Plantations with plants that are wide apart are most 
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suitable; where the soil is poor and dry it is better to abstain 
from grass-cutting. 

On all permanent forest grass-lands, the grass is mown 
with BoytheB as in ordinary meadows ; where the presence of 
trees would interfere with the scythe the sickle is used instead. 
Forest revenue is obtained either by leasing the grass for 
longer or shorter periods, or by selling the crop in well- 
demarcated lots by public auction. 

The grass among young growth or on felling-areas may be 
either plucked by hand or cut with a sickle. Hand-phickinfr 
is considered a less hurtful method, but it yields little and 
cannot be continued long without danger to the hands. 
Cutting grass is nearly everywhere effected with the com- 
mon smooth-blade sickle, and but rarely with the saw- 
toothed one. 

The season for grass-cutting cannot be begun too soon when 
plants are being choked by the grass. In any case, a com- 
mencement should be made not later than the blossoming 
period ; and if, as on very rich soil, it is necessary to repeat 
the cutting, this should be done during autumn, for tlie snow 
will press the grass down over the young plants in winter and 
thus endanger them. 

Grass-cutting on felling-areas is thus permissible with good 
supervision. The revenue for it is collected either by the 
issue of cheap grass-permits, giving the holder a right to cut 
grass on certain designated areas, or by auction-sales of 
demarcated lots on grassy tracts. 

If the full value of the grass cut in Germany from forests 
could be given, its immense national-economic value would be 
thoroughly appreciated; it would be seen that a very con- 
siderable number of cattle obtain their summer fodder almost 
entirely from forests, and that often the maintenance of the 
poor man’s cow or goat only thus is rendered possible. From 
the Hardtwald near Miilhaussen in Alsace, for instance, the 
^-onual crop of forest-grass is estimated as at least 2,500 tons. 
Ir the forest range of Berghausen in Baden, the average 
^^evenuG from grass has been 760i, (6s. an acre). In the dry 
year 1893, no less than 66,000 tons of grass were obtained in 
^ i^egular manner from the Bavarian forests. 
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The advantages the forest gains from grass-cutting are 
similar to those already described under pasture. Plantations 
and natural regeneration-areas are saved from being choked 
by the grass, and from deprivation of light and dew ; whilst 
damage by mice is greatly reduced, and, finally, a considerable 
revenue is frequently obtained. 

The disadvantages are obvious : cutting down and up- 
rooting young plants, transplanting and breaking them. 



Fig, 387 a.— Field-cro|>s and wnods in the Ardennes. By F. Storey. 
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CHAPTER 11. 

fibld-cbops in combination with foeestey. 

When field-crops are grown on forest land they are classed 
as minor forest produce. Either the field-crop or the crop of 
wood may preponderate in value, and the methods adopted 
vary in accordance with their comparative importance. These 
different methods will be considered seriatim, chiefly from a 
silvicultural point of view. 

Section I. “Methods Adopted. 

1. Lands permanently cleared in Forests. 

Forests contain certain lands that are always free from 
wood, and consequently are classed as silvicultural iy non- 
productive. These are fields given either rent-free, or at a 
low rent, to forest-guards, or to permanently engaged wood- 
cutters ; areas cultivated for feeding deer or other game ; 
areas adjoining foresters' houses in the interior of forests, 
that are cleared to afford sufficient light, heat, and air to 
render them habitable, and also space for gardens, orchards, or 
field-crops. Strips of treeless land along roads or railways, 
and blanks left unstocked with trees for sporting and other 
purposes, may be included. 

As lands thus excluded from the wood- producing forest aiea 
(except those used for feeding game) rarely are cultivated by 
the forest -owner, they should be leased unless they are allotted 
to officials or woodcutters. The foresters’ orchards contain 
apple, pear, cherry or walnut trees, and therefore often yield 
some timber. 

2. Field'Crops grown on Woodland without Cate Jot 
Forest Growth. 

Formerly in certain localities where the value of wood was 
almost nil, it was often customary to fell and burn the trees, 
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and then cultivate the soil for agricultural crops as long as 
these would grow without manure. Subsequently the land was 
put under pasture. It then gradually became restocked with 
trees by means of coppice-shoots and seeds coming from 
adjoining woods. This practice is becoming rare in Europe, 
but has been practised extensively in America since its first 
colonization. 

In Europe this barbarous manner of destroying forests and 
using the burned area for field-crops, or pasture, is followed 
still in Finland, Northern Sweden, in Poland and certain 
parts of Russia, and here and there in the Alps and Carpathian 
mountains. In other localities a regular utilization of the 
wood has been introduced, only the unsaleable parts being 
burned, as well as the shrubs and soil- covering. Such a B}’stem 
is still in force in the Swiss cantons of Luzern and Wallis. 
The wood on these areas is felled every 10 to 20 years, usually 
for making cellulose, the stumps extracted, and the refuse 
burned ; then potatoes or corn are grown for a few years, 
when the land is abandoned to forest growth or used for 
pasture. Gradually, woody growth reappears, and after a 
number of years the same treatment is repeated. In the 
district of Birkenberge in Lower Bavaria, a similar system, 
now falling into disuse, was followed in woods chiefly stocked 
with birch and spruce trees ; but in this case, a few standard 
trees were left to give seed, and the land constantly subjected 
to pasture and removal of litter, after 2 to 3 years’ crops of 
potatoes or corn had been harvested. Some districts of the 
Reutberge in the Black Forest may be included, as the cultiva- 
tion of trees is quite subordinated to that of field-crops. For 
the last 50 years, the Baden Government has endeavoured to 
convert this system into oak-coppice, or coniferous forest; 
8 per cent, is still unconverted. 

[In many hill-districts in India, a similar custom, termed 
jhuming, prevails. As an instance, the mode adopted in the 
Garo Hills, south of the Brahmaputra river, will be described. 
The Garo village-communities own land naturally stocked with 
trees, bamboos or grass. In October they fell all the woody 
growth on areas they wish to cultivate, and cut the herbage, 
etc., reserving a few large trees, if found on the area. Some- 
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times they remove a certain number of poles and other pieces 
of wood or bamboos for their own use, or for sale in the plains 
of Sylhet, and the rest of the wood is spread on the ground, 
and burned in March. The stumps are not extracted, but the 
land is hoed between them, and cotton or rice sown. In the 
second year, a crop of yams, chillies, tapioca, etc., is taken off 
the land, and then the area is abandoned to woody growth 
from coppice-shoots, seedlings, etc. In about ten years or 
less, according to the total area of land possessed by the 
village, the operation is repeated. The Garos levy fines on a 
village if a fire should spread from its lands to those of another 
village. The reserved trees are lopped of most of their 
branches, so as not to overshade the crops, and temporary 
bamboo huts are built in the forked boughs of these trees, 
where the cultivators can sleep without fear of elephants and 
other wild beasts. — Tr.] 

3. Field-Crops alternating ivith the Cultivation of Trees. 

Wherever care is taken to protect the woody growth after 
the field-crop has been harvested, the latter maybe considered 
as subordinate in importance to the former. Here, usually 
after a clear felling, unless the trees have been up-rooted, the 
stumps are extracted, the refuse burned, and the soil cultivated 
for a crop of corn. If the soil-covering consists of shrubs, 
grass, etc., it is hoed up sometimes in sods and burned in 
loosely piled heaps with the wood-refuse. The heaps are 
burned to ashes so as to leave as little charred wood as 
possible. The ashes and the burned earth from the sods are 
then strewn over the area. This system is termed in German, 
Schnoren, or Schnoden. If the area is hoed roughly, and all 
<;he herbage and refuse wood spread over it so that the fire 
passes over the whole area, the system is termed Sengen. 
Jhis is usual when there is not much herbage on the soil, the 
soil-covering consisting chiefly of coniferous needles ; the fire 
18 applied against the wind, or downhill on slopes, otherwise it 
would be kept under control with difficulty. 

In the system called Sclmoren, the refuse is more thoroughly 
learned to ashes than in tlie latter system, which produces 
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more charred wood. The beneficial effects of burning the soil 
are, however, more marked in Sengen. 

The field-crops last usually for two years. Generally, cereal 
crops are cultivated, buckwheat, rye, oats, or potatoes, a third 
crop being sometimes obtained. The ground cannot be 
cleared always early enough for spring sowing, it then lies 
fallow till the autumn, when it is sown for the next year’s 
crop. As soon as the cultivation of field-crops ceases, the area 
is restocked with trees either by sowing or planting, and 
occasionally the seed of the trees is sown with the last cereal 
seed. 

There are several varieties of this mode of treating forest 
land. Thus, in many pine districts, the felling-areas with 
reserved standard trees standing on them are leased in lots 
for one year’s cereal cultivation, in order that the soil may be 
thoroughly loosened for natural regeneration of the pine. The 
soil must not then be too matted with weeds or roots if the cost 
of cultivation is to be covered by only one year’s crop. In Upper 
Bavaria, spruce plants with balls of earth round their roots are 
planted in land, which has been cropped with oats. The land 
is cleared, cultivated, and oats sown in the spring. In the 
second year a crop of potatoes is reared ; in the third year 
another crop of oats mixed with spruce seed. From the fourth 
to the sixth year the spruce seedlings are utilised as trans- 
plants with balls of earth, and planted in lines on the area and 
on other neighbouring cleared strips. 

4. Simultaneous Cultivation of Forest and Field-Cro 2 }s. 

In the above-mentioned systems the felling-area is abandoneil 
to agi'iculture for several years, and the cultivation of a forest- 
crop commences only after the last field-crop has been 
harvested. The wood-increment is therefore lost during the 
years occupied by the field-crops. There are, however, other 
methods in which there is no interruption in the production 
of wood, and the field-crop is merely intended to assist the 
latter. The two most important varieties of this method are 
termed in German, Hackwald and WaldfeUhauJktiieh, 

(a) Hackwald— This is a combination of field -crops and 
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coppice, nearly always of oak ; it has been practised for 
centuries in the Odenwald, in Sicgen, Westphalia, Hildesheim 
and several other localities, and is followed most extensively 
in the district of Beerfelden and Hirschborn in tbe Neckar- 
valley. As soon as the oak -coppice compartments have been 
foiled and peeled, the bark removed, and the felling-area 
cleared (usually about the end of May), the felling-area, on 
which the oak-stools are somewhat far apart, is cultivated by 
hoeing and burning, as in the methods previously described. 
At present, in the Odenwald and in Siegen, the cultivation is 
only for a single crop, and the area is sown with winter-corn 
(in October or November). 

In the Odenwald an acre of the best ilackivald yields about 
81 bushels of corn. The felling- areas are leased in small lots 
for cultivation, either after the felling and clearance of the 
wood and bark, or together with the wood and bark. In 
Hirschborn and Beerfelden the forest-owners lirst auction-off 
the bark to tanners at so much a cwt., and at the same time, 
the right of cultivation in small lots to the peasantry; the 
latter also buy the standing- crop, bark and wood, and the 
rigid of cultivating as well, under agreement to sell the bark 
at a stated price to the tanners. In Siegen an acre yields ou 
the average 13 bushels of corn. The right of cultivation 
on the annually felled areas is exercised by an assoeiatioii 
of peasants. As the Uarhvald produces usually only bark of 
an inferior quality, it is now so unproductive, linaneially, that 
other forms of management must be adopted. 

(b) Waldfeldbau.— is a similar method to that 
of llackwaldy hut is applied to high forest instead of coppice. 
The method adopted by Forstmeister Reiss of Hesse- Darmstadt 
kas been followed in different German countries, and the 
following account of the experience gained in the well-known 
forest-range of Viernheim will suffice to explain it. The 
felling and clearance of the felling-area is expedited so that 
land may be cultivated early in the spring. All the wood 
18 uprooted except a few standards (oaks or Scots pines). 
The whole cleared felling-area is cultivated to a depth of from 
. I foot, to 16 inches, and the soil, thoroughly worked, is restocked 
hy sowing, or by planting in lines 1^ meters (say 5 feet) apart. 

F.u. 3 c 
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Oalts or conifers are used for this purpose, according to 
locality. For oaks, acorns are sown 3 meters (10 feet) apart; 
at the same time, Scots pine nurses are planted or sown in 
rows to protect the oaks, and are removed eventually in 
thinnings. The rotation is fixed at 100 years. In the iiiter^ 
vals (4 feet broad) between the plants, field- crops are grown 
on the better soils for 4 years, and on poorer soils, for 2 
years. 

In the first year it is usual to grow a crop of potatoes, in 
the second year, winter-corn ; if the field-crops are con- 
tinued during the third and fourth years the same order is 
followed. AY hen the potatoes are dug the spaces between the 
forest plants are hoed, weeded, and the plants tended almost 
as carefully as if they \yere in a forest-nursery. If in the first 
year there should not be enough plants or seed to stock the 
ground, the whole area is cultivated for a potato-crop, and, as 
an exception, the restocking undertaken only in the autumn. 

In Hesse about 10,000 acres of forest land have been thus 
treated. In AVurtemberg also, this system has been adopted 
extensively, especially on a rich soil near Bibrach. The 
method has been tried also in the Prussian provinces of 
Pomerania, Silesia, Hesse-Nassau, and in Alsace-Lorraine ; m 
some Bohemian districts ; in Hungary, where also crops of 
maize are reared. At present, however, the agricultural 
aspect of this system has lost in interest greatly for well- 
known reasons. 

Pollards of willows, ash, poplars, etc., grown in lines on wet 
land, also imply a steady annual production of grass between 
the rows of trees. 

Osier-beds are truly silvicultural means of producing 
material for basket-making. They are, however, but rarely 
managed by foresters and are regarded as a branch o 
agriculture ; therefore a short account of them may be 
here. 

Osier-beds are an exceedingly remunerative form of cultur . 

Danckelmann says that good osier-beds may yield a net annua 

profit of JCl to i:8 per acre. To succeed, however, a moderate ) 
warm, climate is necessary, a good moist, but not wet, ee^ 
soil, deep trenching and clean weeding, as in a garden. 
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best osier-willows are Salix viminalk, imrimren^ amygdaliim, 
nthni {viminalis X pui'pui'ea), alba var. vitellma, pruinosa, etc. 
Planted in the ground as shoots, 8 to 10 inches long [or full- 
length shoots of 6 to 8 feet, as in England— Tr.], they grow 
in one or two years coppice-shoots to lengths of 6 to 10 feet. 
Full details regarding the culture of osiers are given by Krahe, 
Kern,* Goschke, Piccioli, and others, 
von Kern has described the use made of twelve species of 
willows : the wood, — for basket-work, fascines, fences, vine* 
props, hurdles, charcoal and fuel ; the bark,— for tanning, pro- 
duction of salicin, dyes, tying, carpets, litter and woven shoes; 
the wool from their seeds for wads and stuffing ; their leaves 
and twigs for sheep and goat fodder ; their flowers for agri- 
culture and for decorative purposes ; their roots for fixing soil, 
protecting banks, etc. 


Section IL — National-economic importance of Eikld- Crops 
COM13INED with FORESTRY. 

The national-economic advantages of combining field-crops 
and forestry consist in the increased production of food, the 
fact that this can be secured without any manure, and last 
but not least, because the increased sujiply of straw really 
increases the amount of manure available for agriculture. 
These advantages, however, are diminished considerably by 
the difficulties of working the soil {weeds, shrubs, stools, roots, 
sloping ground, distance from villages) ; this form of cultiva- 
tion is commonest in warm countries, on loose soil, in land 
either slightly undulating or flat, in densely populated districts, 
with insufficient agricultural land. 

The advantages to forests from field- crops are : the conse- 
quent increase in the forest revenue, and the reduced cost of 
^sproduction, for the ground is thus cultivated ; the growth 
ulso of the forest plants is stimulated when the crop is young, 
and the young crop is sheltered. 

The increased forest revenue by field- crops is usually only 

-n Ivern “Die Weiden, ihre Bedeutuug, Erziehung, ” BeauUung. Tula, 
H ^ gee also Mouillefert., “ Trait6 tic Sylviculture,” Felix Alcan, 

li)04, wliere there U an excellent account of osier-beds. 


3c2 
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slight, for the expenses are considerable; only where the 
peasant pays for the cultivation of the ground, the demands 
on the forest cash -box for simultaneous or subsequent stocking 
with forest plants are reduced considerably. Every day 
experience proves that by agricultural cultivation, sowing and 
planting of forest plants is facilitated, and that, owing to the 
working of the soil, the young plants grow quickly. The 
protection afforded by the corn to young sowings of spruce, 
against lifting hy frost, drought and enemies of all kinds is 
specially beneficial. 

The principal danger caused by field-crops to the forest is 
the consequent reduction in fertility of the soil. The crops 
take from the soil those very substances, which are generally 
deficient (potash, nitrates and phosphates), and these materials 
are required just as much by woody plants as by those grown 
by the farmer, the latter requiring them merely in larger 
quantities than the former. The agricultural plants, however, 
grow only in the surface soil, which owing to the decom- 
position of the weeds formingthe soil-covering andof the humus 
from dead leaves, etc., and to the cultivation it has received, is 
more or less richly supplied with assimilable nutritive salts. 

The field-crop robs the surface-soil undoubtedly of a con- 
siderable amount of nutritive matter, and the more so the longer 
the land is under crops ; the forest plants can satisfy their 
wants less fully in the soil, the poorer the latter, and the more 
exacting the species of tree grown, and the less provision has 
been made for its roots to penetrate deeply in the soil. But 
when coppice is grown associated with field-crops {Hackn-ahl), 
the greater or less reduction in fertility of the soil occurs eveiy 
15 to 20 years only ; or when high forest is so grown {Rodo- 
wald and Waldjeldhau), only every 80 to 100 years: if then, 
the soil-covering is carefully protected on areas so treated, no 
litter removed and the soil hy nature sufficiently rich and moist, 
the results of the deprivation of nutriment will be felt very 
little. In the case, however, of poor soil exhausted by the 
fieldcrops, bad consequences will result for the forest growt , 
if this is not visible at once during its youth the wood mus 
undoubtedly suffer in its subsequent development. ^ 

Whenever temporary field-crops are to be grown on 
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sufficiently rich soil with the least possible damage to the forest 
crop, care must be taken that the young woody plants are 
rooted in a lower stratum of the soil than that in which the 
field-crop is grown. This is secured by cultivating the soil 
deeply, and restocking it with woody plants with deep rather 
than superficial roots, and with transplants rather than by seed. 

From the above considerations it follows that, from a silvi- 
cultural point of view, field-crops' may be grown profitably in 
combination with forestry only on well-cultivated soil rich 
in nutritious salts, and then it is the cheapest and most 
certain method of restocking a felling-area. On poor soil this 
system is quite unjustifiable, as has been proved in numerous 
cases. 

Of all the methods which have been tried, the WaJdfeldhau 
is the best, because it implies a thorough working of the soil, 
no loss of wood -increment, and clear-felled areas are at once 
restocked. But even on superior soils, field-crops should not be 
maintained for more than two years. 

[Frequently in France and Belgium, cleared areas, on which 
conifers grew, are cultivated for one year with a field-crop, 
after burning [sartage) the soil-covering and refuse from the 
felling: this reduces danger of damage by insects to the 
succeeding crop of conifers. 

In Burma, bamboos and other inferior species prevent the 
gmwth of teak, advantage is therefore taken ofjhume cultiva- 
tion, which is termed locally taungya, to get the area sown 
With teak-seed, the teak plants growing into forest after the 
cultivation of field-crops has been abandoned.— Tr.] 



758 


CHAPTER III. 

FOREST-LITTEE. 

Section I. — General Account. 

In forests, the mineral soil is not exposed, but it is everywhere 
coated with a vegetable soil-covering, which is partly dead and 
partly composed of living plants. The nature of the soil- 
covering varies according to the shade it receives. In a dense 
beech forest the soil-covering consists of dead leaves, husks of 
fruit, fallen flowers, etc., which the trees shed periodically and 
with which dead fallen branches and twigs are mingled. In a 
dense old spruce or silver-fir forest, the soil-covering consists 
of living and dead mosses, among which are the dead fallen 
needles, cones, scales of bark, etc. U nder light-dem anding trees, 
the soil is exposed to the influence of light, and, besides the 
fallen debris from the trees, it also exhibits a number of 
weeds of various species. 

Whenever the soil-covering of a forest, consisting of dead 
leaves or needles and moss, is left to the natural process of 
decomposition, its lowest layers lose completely their organic 
character, only their mineral components being left. 
and more organic matter thus occurs in its upper layers, till the 
surface consists of dead leaves or living moss. Its lower and 
partly decomposed layer is termed humus and its upper decom- 
posing and living layers, ground-litter {Bodenstreu). While 
therefore in humus all vegetable structure has disappeared, in 
ground-litter this structure is quite recognisable. 

Humus cannot be used in stalls for litter, but it has some 
value as manure and is appreciated by the farmer as an 
adjunct to litter. It is generally the undecomposed layers of 
the soil-covering only, that are used as litter in agricul- 
ture, Hence a distinction is made between the following 
kinds of ground-litter : 
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(a) Bry fallen leaves or needles, which are shed by the 
trees forming the ' standing-crop of the forest; and to some 
extent, by shrabs in the underwood. 

(b) Moss and grass, partly living and partly dead. 

(c) Forest weeds, such as broom, bilberry-plants (and other 
species of Vaccinium), heather, ferns, reeds, rushes, etc. 

Branch-litter, young needle-bearing twigs of conifers, have 
been described already (p. 694). 


Section IL — Importance of Forrst-Litter for Wood- 
Production.^ 

It is not the business of ‘'Forest Utilization” to deal 
tlioroughly with the question of the importance of litter for 
soil-formation, climate, productivity, for forest trees iiidividu- 
iilly, or for the whole forest, any more than in dealing with 
the utilization of wood, the effects of soil and climate and the 
methods of starting and tending trees, are discussed. Hero 
only the most essential points will be explained. The works 
noted below may be consulted for further details. 


1. Bene/idnl Effects of Litter and Humus on the Groirfh 
of Trees. 

(a) Preservation of Moisture in the Soil. 

The humus which covers the mineral subsoil and is only 
to a slight extent mixed with it, and the coating of litter above 
the humus, are the most effectual means of securing and 
maintaining in the soil the requisite amount of moisture. 
The action of humus and litter is in this respect threefold, viz . : 
The mechanical impediment it affords on slopes to rapid 
drainage of surface-water from atmospheric precipitations, and 

the time thus allowed for the water to sink into the soil- 
covering and the soil ; the sponge-like action possessed by dead 

* Ebermayer, “Die gesammte liehre tier Waklstreii,” Berlin, 187(5. WoUny, 
Oanslatetl into French by E. penry,“La decompositioinles matiuresorganiques 
ct les formes d^iumus,” Paris, Berger Lcvrault, 11)02. Ramann, “lorstliche 
Bo<letik..ude u. Shindortslehre," 1803. Muller, Die natilrlichen Hiimiisformen,” 
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leaves and moss, of absorbing and retaining water, and the 
consequent reduced evaporation of water from the soil. 

The more sloping the ground, the greater is the value of the 
litter in preventing torrents and floods; on slopes in the shallow 
soil, over rock, sand or gravel, it is absolutely necessary to 
maintain the litter, in order to protect the fertile soil below it 
from erosion. 

The amount of water which is retained by tlie absorptive 
action of the soil-covering is considerable ; dry coniferous 
needles can absorb 4 to 5 times their ^Yeight in water, 
dry beech leaves 7 times, and mosses 6 to 10 times this 
amount, without allowing it to dribble away. This absorptive 
power of the soil-covering is increased furtlier by that of 
humus for water-vapour, which, becoming condensed in the 
cool soil, increases the supply of moisture. 

Once the soil-covering is saturated tiioroughly with water 
from atmospheric precipitation, it passes on the superfluous 
water to the subjacent soil, in the numerous interstices 
of which it is distributed, and thus reaches the roots of the 
trees. Slight showers, which are so necessary for natural 
regeneration under a shelter- wood, and during the dry 
season are fully absorbed by the litter, do not reach the 
plants’ roots. In this respect, the litter is the more hurtful, 
the thicker it is. But if the rain is sufficiently heavy, the 
litter prevents too rapid evaporation of the water in the soil. 

E. llauiann (1895) found, that the soil in dense crops of 
trees, with plenty of litter, is less moist than the soil of 
agricultural land; when the leaves come out in spring, their 
transformation causes a considerable loss of water from the 
deeper layers of the soil ; shaded glades in a wood are much 
moister than the soil of an old crop of trees. Hoppe (1900) 
also showed that the soil in dense crops of trees with litter 
was less moist than in clearings, Ebermayer^ has proved 
experimentally that the soil-covering of leaves and needles 
evaporates water 2J times less than does a forest soil without 
litter. There is a difference in this respect between leaf- 
litter and moss-litter. Wollny showed that the soil-covering 

^ “Die Physikalischcji Einwerkungen iles WsiUItjH aiif Lufl u. Podtin,” 
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of Ibeech leaves is the best defence against evaporation, and 
much more so than the rapidly evaporating covering of moss 
in coniferous forests, which dries up in summer. Fricke 
evaporated the following percentages of the precipitated 
water : 

Old crops where litter was removed (1). 40 per cent, 

V » not „ (2). 35 „ „ 

Poles 1 and 2 47 and 40 „ 

Clear- fellings 1 and 2 . . . . l‘02 and 07 „ 

[Ototzhy in liussia (1895), Tolsky in Russia (1901-2), 
l‘h Henry in France (1900-2), and R. S. Pearson in India 
(1904-5) have made a series of observations which show: 
that ill all cases the level of subsoil water in forest is lower 
than outside the tree influence ; that the level is steadier inside 
than outside forest ; that old woods lower the level more than 
young woods, and that in a low rainfall area, the difference in 
the levels is greater than where tlie rainfall is more abundant. 
— Tr.]* 

(b) Influence on Porosity of the Soil, 

The activity of a soil depends also on its porosity, which 
affords interstices in it for the cifciilation of air and renewed 
supplies of oxygen. Litter and humus keep the soil loose 
and prevent its being caked by the rain. Humus becomes 
mixed with the mineral soil to various depths by tlie inhltra- 
tiou of water, and by tlie activity of earthworms, mice, 
moles, etc. 

Wherever masses of imperfectly decomposed humus accu- 
mulate, not only water, but also the necessary mixture of 
organic matter, with the mineral soil, are absent ; so also are 
earthworms and other animals and bacteria, the share of 
which in rendering a soil nutritive and porous is considerable. 

(c) Maintenance of an Even Temperature in the Soil, 

If it is correct to affirm, that, during the full activity of the roots 
ef trees, a temperature of 68° to 72° F. is necessary, the soil- 

* “Indian Forester,” Febiiii^ry, 1907, where other references are gi\eii. 
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covering of dead leaves, which reduces the temperature during 
that season must be injurious, and there would be no growth 
at all in the spruce, silver-fir and beech forests of the Bavarian 
plateau. 

Mayr’s observations prove, that during the months May- 
August, the following temperatures prevail in July: — 


Depth of soil 
in inches. 

Bare soil. 

Soil covered with 
dead foliage. 

Covered .soil and dense 
crop of trees. 

8 

64° 

60° 

5)7° F. 

16 

.58° 

56° 

51° „ 

21 

59° 

57° 

52° „ 

32. 

62° 

60° 

54° „ 


Hence it follows : — that the soil- covering of litter, by itself, 
and when united to the cover of the trees, cools the soil 
considerably; that quite low temperatures suffice for the 
activity of the roots of trees, so that the cooling of the soil 
during the season of growth is not prejudicial ; the con- 
sequent elevation of the temperature of the soil in winter, is 
indifferent to the plants, but involves a continuous chemical 
decomposition of the litter, whenever this temperature is 
above freezing point. 

In soils containing humus, according to Frank, fungi which 
form a mycorhiza on the roots of most forest trees, are always 
present, they are absent in soil deprived of humus [or 
artificially sterilised by burning. — Tr.] and a long time passes 
before mycorhizae are produced. Owing to this symbiosis of 
plants and fungi, the former not only derive nutritive matter 
through the humus, but are enabled to obtain nitro- 
genous substance indirectly from the atmosphere. 


(d) Fertility of the Soil. 

Humus improves the productivity of soils, chiefly by its 
physical power of absorption, and also by its own decompo- 
sition and conversion into nutritive material. Water and 
water- vapour are absorbed by humus, as well as the most 
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important mineral and nitrogenous substances {potash, phos- 
phoric acid, ammonia, etc.), which combine with various 
compounds formed in solution l)y humus, and are retained by 
it, ready for absorption by the roots of trees. 

The residual products of the decomposition of humus, are 
ash constituents, carbon- dioxide and water ; they are either 
quite pure, or in the form of salts that are the food and 
manure of the forest. By the ash-constituents, set free by 
the decomposition of humus, most of the nutritive matter that 
the production of wood has taken from the soil, is returned to 
it in the most assimilable condition. 

From the successful use of manure in agriculture, we can 
see how greatly the growth of plants depends on these ash- 
constituents, also prove the good results obtained by manuring 
our nursery lines and seed-beds, and the dill'erenco between 
the production of wood on soils that are rich, or poor, in 
nutritive mineral matter. 

Nowadays foresters are more and more favourable to the 
use of artificial manures for forest plantations, as well as for 
forest nurseries (Jentsch, Schwappach, Giersberg, Math os, 
Baumann, Fricke and others) ; so also the sowing of legumi- 
nous plants, as accumulators of nitrogen, has been found 
beneficial to impoverished soil. 


Section III. — Mode op Bkcomposition of Forest Litter, 

It is well known tliat the decomposition of organic sub- 
stances is effected only by bacteria and fungi,* the species of 
which are affected, relatively and absolutely, by the reaction of 
the soil (acid, neutral or alkaline)'; probably the acid products 
of humus are due to low organisms. If the layers of litter 
become dry, the process of decomposition is interrupted and 
unfavourable kinds of humus are formed. 

The comparative rate of the decomposition of forest-litter 
Rnd humus is influenced chiefly by the kind of soil-covering, 
soil, locality, climate, nature of standing-crop, etc. 

* Ramann, Rerael^, Schellhoni ami Krause, “Anzahl ti. Becleutung der 
niedcren Organ ismen in Waid u. Moorboden, Zeitschrift f. F- u. Jagdwesen, 
1889 . 
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(a) Kind of Soil- Covering. — Soft and only slightly lignified 
parts of plants decompose most rapidly. Thus, of broadleaved 
trees, the dead leaves of the hornbeam, ash and lime decom- 
pose more rapidly than those of oak, beech and birch. Of 
conifers, larch needles are decomposed soonest, then Scots pine 
needles, those of silver-flr, and most slowly, those of spruce. 
It is generally true, that dry leaves of broadleaved trees 
decompose more rapidly than coniferous needles. Mosses 
are known to decompose very slowly : but their decomposition 
once commenced, they pass quickly through the condition of 
humus to that of complete dissolution. On this account, the 
living layer of moss rests on the ground with hardly any 
noticeable intermediate layer and may be removed from it 
like a carpet. 

(Ij) Soil. — The most important factors in the soil, which 
expedite decomposition of the soil-covering, are, its capacity for 
heat, its degree of porosity and the amount of moisture it con- 
tains. Decomposition is generally slowest on clay or loam, 
quickest on calcareous soil and sand. It is especially rapid on 
moist calcareous soil in South Germany ; after two years most 
of the litter is decomposed, the humus decomposing still 
more quickly. 

(c) Locality.~lfe is well known that decomposition proceeds 
more slowly on north and cast than on south and west aspects ; 
nortlierly slopes are damp and cool, and in folds of the hills near 
the valleys the rate of decomposition is extremely slow ; in such 
places the greatest amount of partly decomposed humus and 
litter accumulates. 

(d) Climate. — Southern countries prove conclusively that 
heat combined with moisture is most effective in expediting 
decomposition ; in South Germany, and still more in Hungary, 
etc., decomposition proceeds much more rapidly than in North 
Germany and the countries bordering on the Baltic. Whilst 
in the latter case 3 or 4 years are often required to complete 
the process of decomposition, one or at most two years suffice 
for the former. [In an Indian forest, except in mountainous 
districts, it is rare to find any noticeable layer of humus in 
forests.— Tr.] The contrasting climates of the lowlands and 
high mountain -regions of Europe have opposite effects on 
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decomposition ; the high relative-humidity of the air and lo^v 
mean temperature in mountain tracts cause deep layers of raw 
humus to accumulate in forests.* 

(e) Density of Standing Crop of Trees.— Neither a dense 
crop of trees, nor an open, light crop, such as that of light- 
demanding trees, when they become old, and weeds cover 
the ground, afford the most favourable conditions for the 
decomposition of litter and its admixture with the mineral soil, 
as ordinary neutral mould ; in both cases, the humus accumu- 
lates in an incompletely decomposed, sour condition, as peat. 
Peat hinders the absorption of water by the roots of the trees 
and prevents the aeration of the soil, it interrupts the normal 
loosening of the soil, and by the iuliltration of solutions of 
humus under its superficial layers causes the formation of a 
hard pan. The important influence of the various systems 
of management result from the above considerations. Clear- 
cutting yields the densest even-aged crops ; selection forests, 
resembling virgin forest most closely, affords tlie most favour- 
able conditions. It is evident that in the tending of a wood, by 
thinnings, setting the older trees free, underplanting liglit- 
demanders, etc., the forester has the best means for regulating 
and maintaining the normal decomposition of the soil-covering 
of litter. 

If litter and humus are to produce the most advantageous 
effects on forest-growth, the litter must be decomposed chiefly 
by bacteria and fungi, this decomposition must be moderately 
fast and uninterrupted. 

Although it is difficult to decide absolutely the proper period 
for the decomposition of humus, it may be said, that for 
ordinary forest localities, this is most beneficial, when broad- 
leaved litter is converted into humus within three years, and 
coniferous litter in three or four years, while the layer of 
bumuB below is only a few centimeters thick. 

The hurtful effects of breaking up the soil and mixing litter 
and humus on poor soil, by pigs, a comparison of the humus 
in such areas, with others in which pannage is not allowed, 
will demonstrate clearly. 

^ * Ramann, “Die kliniatisclicii Bwleiizoiwn Kuropas." Boiloiikuiide, liKIl, 

Petersburg, 
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From the above considerations it is evident, that forest litter 
is one of the most important factors in the productivity of 
the soil. As in forestry, where practised on a large scale, 
it is impossible to substitute rnanure for litter ; normally 
decomposed litter by its physical and chemical properties 
and its effects on the soil, is indispensable. 

Section IV. — Amount of Forest-Litter produced. 

Owing to the importance of moss and weeds as well as dead 
leaves and needles in the supply of litter for farmyards, the 
different nature of these kinds of litter and the various ways in 
which they affect wood-production, it is necessary to consider the 
question separately for each kind of forest litter. 

1. Dead Leaves and Needles. 

Experience shows that the annual amount of litter produced 
from dead leaves and needles in a forest varies with the species 
of tree, locality, weather, density of crop and age of trees. 

(a) Species of Tree. — Three factors have great influence on 
the amount of litter produced by European forest trees ; namely, 
the density of the foliage, its duration on the trees and the 
suitability of the species to form a more or less dense leaf- 
canopy. Considering all these factors, not for individual trees 
but for a crop of trees, and deducting the amount of moss pro- 
duced in coniferous forests, the species may be arranged, as 
follows, in descending order of their comparative production of 
dead leaves or needles : — 

Beech ; 

Sycamore and other maples, lime, sweet-chestnut, hazel ; 

Hornbeam, alder, black pine ; 

Elms, oaks, black poplar ; 

Scots pine, larch ; 

Spruce, silver-fir ; 

Ash ; 

Birch, aspen. 

The density of foliage of a species depends on the nature of 
the locality and its mode of growth. Silver-fir, spruce and 
beech have the densest foliage ; that of hornbeam, sycamore, 
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ash, elm, lime, Weymouth pine, sweet-chestnut, alder and hazel 
is also dense though comparatively lighter than the above; 
oaks, poplar, birch, pines and larch close the list. 

The duration of the leaves on the trees is longest for 
evergreen conifers, silver-fir, spruce and pines. In the case 
of the black, Weymouth and Scots pines, the needles remain 
from two to four years ; in the spruce and silver-fir, four to 
six years and even longer for the latter. Hence it follows that 
pines slied about one-third of their foliage annually, the spruce 
and silver-fir only the fifth or sixth part. These species, there- 
fore, are much worse producers of litter than follows from the 
density of their foliage. 

Silver-fir, spruce and beech possess in the highest degree the 
property of growing in densely stocked woods, next come the 
hornbeam and hazel— some way further down in the list— alder 
and sycamore. In the case of ash, elms, oaks, sweet-chestnut, 
birch, aspen, Scots pine and larch, the woods open out much 
earlier. As compared with woods of light-demanding trees, 
those of mixed light- demand ers and shade-bearers produce 
more litter, whilst woods of spruce, silver-fir and beech produce 
litter most abundantly. 

(b) Locality. — The nature of tlm locality in which it is grown 
has the greatest possible influence on the wellbeing of a species 
of tree. The more a locality suits a tree, the greater, other 
conditions being equal, will be the production of litter. As a 
rule, a moist atmosphere, provided there is sufldcient heat 
available for the species in question and a rich soil, increases 
the density of the foliage. 

li Weber’s* note on beech leaf-production should also be 
noted, viz., that it falls off in quantity with the altitude. 

(c) Weather. — Any casual observer must have noticed that 
according to the changes of weather in different years, the 
forest presents different appearances, being in certain years 
fresher, greener and possessing denser foliage than at other 
times. Spring weather, when the foliage is produced, is most 
^iecisive in this respect. Years with severe late frost and dry 
seasons produce less foliage than moist years free from frost. 


* Ebcrmayer, “Dio Wuldstrcu," p, 37. 
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According to Krutzsch, there may be a difference of 60 per cent, 
in the amount of foliage produced by Scots pine and beech 
in wet and dry years. Severe storms during the season when 
leaves are produced are very prejudicial to the supply of foliage. 

(d) Density of Growth and System of Management. — The 
densest woods do not produce most litter, nor do open woods 
where each tree is exposed completely to the influence of light, 
the number of individual trees being then too few. The most 
litter is produced annually when there are as many stems as 
possible in a wood, with the proviso that each stem has ample 
room for its growth — a density which results from well- 
executed thinnings. 

Even- aged woods exercise a similar influence to that of the 
density of woods on the annual supply of litter. When all trees 
in a wood are of the same height and their crowns form a dense 
leaf -canopy at a uniform level above the ground, the influence 
of light is far less than when the heights of the trees vary, when 
lateral light is admitted between the groups of the taller trees 
and their crowns consequently grow lower down their stems, 
as in the group and selection systems. 

(e) Age of Trees. — The greatest production of dead leaves 
and needles is during the pole stage, and falls off only slightly 
in the older stages of high foi-est, provided the leaf-canopy is 
fairly complete. 

The following results give the average yield of litter as detei- 
mined by observation* made in the Bavarian State forests. 

One acre of dense forest of the ages given in the subjoined 
statement produces annually so many tons of air-dried litter;— 


Age of Wood. 

Seech. 

Spruce. 

Scots pine. 

Yuai’s. 

Tons. 

Tons 

Tons. 

Under 30 

— 

2 ’50 

— 

2.5 to 50 

— 

— 

1-56 

30 „ 60 

1-07 

1-58 

1 

50 „ 75 

— 



60 „ 90 1 

1*64 

135 1 

— 

75 „ 100 

— 

1-31 1 

1’69 

Over 90 1 

1-62 


— 

Average 

1‘64 

1 

1*42 

1-48 


Ebemiayer, “ Die gesammte Ijelirc tier Waldatreu,” Berlin, isTfi. 
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It is evident that, when the litter is allowed to accumulate in 
a forest for several years, the supply is greater than that pro- 
duced annually. At the same time the accumulation is 
limited, as the lower layers are constantly decomposing and 
only the upper layers are available for litter. In this respect 
investigation has led to the adoption of the following average 
figures per acre : — 


No. of years. 

Beech. 

Spmee. 

Scots pine. 


Tons. 

Ton.s. 

Tons. 

3 years’ supply 

(i „ „ 


3in 

3'7() 

o-4h 

OvcrO years’ supply... 

4-17 

,r.^4 

7-31 

Average 

:tgi 

4-11 

j 


A cubic meter (35'3 cubic feet) of air- dried litter (15 to 20 
per cent, water) well compressed is of the following weight : — 



Kilo?. 

r.bs. per 
cubic fool. 

Beech 

. 81-5 

5 

Spruce . 

. 168-4 

10-5 

Scots pine 

. 117-3 

7-3 

Moss- litter 

. 104-0 

6-5 


Hence the yield of litter may be calculated in stacked cubic 
meters or in waggon-loads per acre (as in the following state- 
ment) as waggons drawn by two horses usually carry 5 stacked 
cubic meters (176‘5 cubic feet) of litter: — 

Beech. Scots Fine. Spruce, 

One year’s supply .10 6 d 

Six years’ „ . 20 16 H 

- 2 . MosS'Litter. 

The forest is the home of most mosses, especially of the 
larger species, which may be used for litter. The growth of 
moss depends generally on the presence of damp soil and air, 
&Rd a certain amount of cover. Only a few mosses can stand 
exposure to light. Some kinds of forest mosses form 
tufts only exeeptionajly, whilst other gregarious mosses 
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under favourable circumstanceB may carpet the ground over 
extensive areas. If these carpets are formed of the larger 
kinds of moss, they yield a very important form of litter. 

Of the mosses employed usually for litter, several species of 
the large genus Hypmm and of other genera are common, 
Sig:*—Hypnum Sckreberi, puriini, ciLspidatim, molluscim^ 
cupressiforme ; Hylocomkm splendens, squarrosuni, triquetnm 
and loreum ; Brachytheciim nUahulum; Campothecium Lulas- 
cans; Thuidium taniariscimuti and ahietiniun, etc. ; also Poly- 
trichum formosum and urnigemm ; Dicrauum scopariim ; 
Bartramia fontana ; Climatium dendroides ; on v?et, swampy 
ground, besides some of the above, species of Sphagnuvi 
predominate. 

The quantity of moss in a forest that may be used for 
litter, depends chiefly on the species of tree of which the 
standing-crop is composed, the age of the wood, and the 
system of management. 

As regards species of tree, moss is most prevalent in coni- 
ferous woods, and especially in those of spruce and silver-lir; 
it is rare for broadleaved woods to produce moss in sufficient 
abundance to be utilizable as litter. The older the trees, the 
greater the amount of moss, unless opening the cover should 
admit sunlight and dry the soil, when the mosses cease to 
thrive. The system of management followed is also 
influential. 

It is chiefly the annual fall of dead leaves in broadleaved 
Woods that forms an obstacle to the growth of moss, as they 
intercept the small amount of light which mosses require, and 
small tufts of moss which may be produced here and there are 
stifled by the dead leaves falling on them in succeeding years. 
It is different in coniferous woods : the thinner coating of dead 
needles affords room for the spread of any mosses which have 
germinated and sufficient light for their development. As the 
moss then grows regularly through the annual fall of needles, 
litter consists of an inseparable mixture of moss and 
dead needles, and only exceptionally can they be collected 
separately. 

Vide Braithwaite’a “British Moss Flora"; also James’ “ I* ield-FIora of 

Mfisses.” 


3 D 2 
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In Scots pine and larch' woods, moss is generally an un- 
important factor in the soil-covering, or may be completely 
absent. Hunger-moss, or Iceland-moss {Cetraria) is a lichen 
and denotes great poverty of soil. 

As regards age, in the early years of dense spruce and 
silver-fir forests, there is only a slight production of moss ; 
after the leaf-canopy has become elevated, so as to admit suffi- 
cient light to the soil and allow for a slight movement of air- 
currents, moss gradually spreads over the ground. It then 
eontiniially becomes denser and deeper the higher the leaf 
canopy, and attains its maximum in mature woods which have 
been already thinned and contain advance-growth * provided 
the soil continues moist. 

The system of management affects the growth of moss, in 
so far that uneven aged woods, resulting from natural regene- 
ration by seed, are generally more favourable for the produc- 
tion of moss than even-aged and artificially formed woods. 

Wherever the growth of moss is luxuriant, it regenerates 
itself after removal for litter more rapidly than under 
opposite conditions. If the moss has been completely 
removed, an interval of 3 to 5 years passes before it is repro- 
duced, and this may be longer on poor soils. 


3. Litter from Weeds. 

The forest weeds, which are used chiefly as litter, are 
heather, broom, Genista and ferns : less frequently — bilberry- 
bushes (Facci/dit/n il/yriito) and other species of Vacciniiwif 
reeds, grass, etc. 

Heather, chiefly ling {Calluna vulgaris), [but in Britain, also 
bell -heather {Erica cinerea) and cross-heather {E. Tetralix).— 
Tr.] produces a sour, partly-decomposed humus, which when 
the soil is dry, resembles charcoal-powder, but when the soil 
is wet, forms a moist mass ; heather predominates on open 
sunny localities and on poor silicious soils, where it spreads 
freely and produces peaty heather-humus. The removal of 
the heather with the sods of humus, that are full of its roots, 

• Advance-growth.— The seedling underwood 8piiiigiiig-u[> in a high forest. 
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is generally beneficial for forest plants, which can overpower 
this weed only when they have formed a closer canopy of 
shade. [In Britain, however, the heather serves often as a 
proteetioii to young plants against spring-frosts, and they do 
not suffer from its presence so much as in the drier climate of 
the Continent.— Tr.J 

The broom {Cytisus scoparius) is produced by nearly every 
kind of soil ; it is chiefly prevalent on silicious soils, but also 
grows on argillaceous schist, quartzite, limestone, and even on 
chalk. It always implies an admixture of certain clay in the 
soil. It resembles heather in requiring a complete exposure 
to light and a moderately warm atmosphere. 

Among ferns, the widely-spread bracken {Ptais aquilina) 
is most important, Aspidmm Filix-mas and Asplenhtm Filix- 
foimina also are used as litter. They require a moist, or even 
wet soil, but cannot stand stagnant moisture. Half-shaded 
localities, or fully exposed but cool, damp places, suit them 
best. 

They grow best in moist, no longer completely closed old 
woodlands, especially in spruce and silver-flr forests, with a 
moderate soil-covering of moss. Clearings for plantations, on 
northerly aspects with a rich soil, also produce a vigorous 
growth of ferns. 

^^^hQTry{Vacdnium Myrtillus) and other species of Vacct- 
dnm are less frequently used as litter than the above- 
mentioned plants; their stems are usually too woody and no 
\'eeds decompose more slowly. They require an amount of 
in the soil, and needs shade in soils free fi'om clay, and 
consequently dry. 

hi^ecies of Vacciniinn hence are found in loamy soil in 
lightly shaded, old wmods, when the soil has become super- 
ficially impoverished ; more on warm than on cold aspects, 
both in broadleaved and coniferous forests. A large supply 
of 1 (iccinitim litter, therefore, always implies deteriorating 
old Woods, or stunted young woods containing blanks. On 
^^perior soils a vigorous growth of bilberry is also found in 
young Woods not yet fully closed. The bilberry, like many 
other forest weeds, has a superficial root-system, but no other 
'veed covers the ground so thoroughly with its densely matted 
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roots.* Hence results the superficial impoverishment of the 
soil, so far as the bilberry roots extend. 

In wet, swampy localities, on fairly level ground, many 
species of reeds and sedges grow {Juncus, Car ex, etc.) ; they 
have long, broad leaves which die early in the winter, and can 
be raked together easily. In some districts, as in Upper 
Bavaria, meadows of sour grasses, rushes, etc., are used for 
litter. 


Section V. — Modes of Harvesting Litter. 

The different ways in which litter is harvested are all 
extremely simple, but differ according to the kind of litter in 
question. 


1. lAtterfrom Dead Leaves and Needles, 

In collecting litter composed almost exclusively of dead 
leaves or needles, with only a few w’ecds and a scanty 
admixture of moss, wooden rakes are always used. 

Iron rakes are quite inadmissible, as they not only damage 
the superficial roots of trees, but also penetrate the layer of 
humus, wdiich they remove partly, as well as the litter, Thiu 
layers of moss are also removed easily by means of woodou 
rakes. The heaps of dead leaves and needles are packed in 
cloths or nets for removal either to the farms or to a forest 
depot, where the litter is measured for sale, or carts are laden 
with it on the spot. 

On smooth ground it is easy to rake up every leaf, but when 
the surface is uneven, interrupted by holes, hummocks, stones, 
rocks and roots, or overgrown with shrubs, bushes, grass or 
weeds, or finally, in places where swine have been rooting- 
raking is a difficult process. A considerable amount of litter 
which cannot be raked up is then preserved to the forest, and 
thua an indication afforded how the forests may be protected 
by artificial means against a too complete removal of litter. 

• [Species of Strohilanthes have a similar habit in India, and most of ihcm 
blossom periodically, every 5 to 10 years. After blossoming, the whole crop 
dies, and thus allows tree seedlings to take root — otherwise an impossibility- 
Species of Strohilantlm are common in oak-forests in the Himalayas, but the 
genus is best represented in the Nilgiri Hills, where some kinds are used largely 
for fuel. Gamble, “Manual of Indian Timbers/’ p. 519, — Tr.j 
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2. Litter from Moss. 

Wherever the moss has grown into cushions, in which, as 
ill silver-fir and spruee woods, the needles are embedded, it 
can be raked together. Certain kinds of ino.ss, however, c’an 
be gathered only by hand. 

3. Litter from JVeeds. 

Heather is the most productive form of weed-litter, and is 
harvested- in different ways according to its age and silvi- 
cultural requirements. Heather is cut usually with the sickle, 
provided it is not more than 3 to 4 years old ; when old and 
woody, it must be cut with a strong knife, or whenever there 
is no fear of injuring forest plants which are growing among 
the heather, it may be pulled up by hand. Whenever the 
heather is harvested on blanks, or waste land, it is best to 
use a strong scythe, and when not only the heather but the 
grassy or mossy tufts which accompany it are utilised, a 
bioad, sharp hoe is used. Bilberry and other Vaccinium 
undergrowth, also broom and ferns, when used for litter, are 
harvested like heather. All the heather and other weeds, 
wliieh have been gathered, are brought usually in cloths to the 
forest depot ; broom and ferns are often firmly tied on the 
spot into bundles by means of withes. 

Section VI. — Limits to Usr op Litter, 

The forester must endeavour to render the removal of litter 
as innocuous as possible. Thus the demand for litter should, 
if possible, be met by supplying those kinds which the forest 
can best dispense with ; places and woods are opened which 
can best withstand the loss ; the intensity and length of rota- 
tion of the removal of litter should be modified in places which 
most liable to injury, and a season chosen for the usage 
when the soil is least exposed to be dried up. 

1. Kind of Litter. 

Litter from roads, halting- places, ditches and blanks, and 
from forest weeds, may be supplied with least injury to the 
forest. 
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Only when other sources of supply fail should the removal 
of ground -litter be permitted from the woods. The remaining 
paragraphs refer to that mode of litter only. 

2. Locality. 

The better localities should be taken in hand first, the 
inferior ones being spared as long as possible. Litter which 
has been heaped up by the wind in wet places, on moist, low- 
lying ground, in hollows, ravines or narrow valleys, and thick 
cushions of moss in damp ground and on places about to be 
regenerated naturally, may be utilized with the least damage 
to the forest. There is sometimes in cold localities a stiff, 
heavy soil, which is improved by removing the litter. The 
north and east slopes of hills, with rich deep soil covered mth 
scattered blocks of stone or boulders, and terraces or gentle 
slopes on mountain- sides, should always be preferred, the 
more exposed places being used only as a last resort. Places 
exposed to wind, such as hill-tops, mountain-ridges, steep 
declivities and especially the upper parts of steep mountain- 
chains, should he spared always. 

3. Nature of Crop. 

Vigorous, dense, mature crops of trees should be opened 
for the removal of litter in preference to other parts of a 
forest. All woods that are deteriorating for any reason— 
wbicli have suffered from caterpillars, snow-break, wind-break, 
drought, etc., or in which, from any cause, the leaf-canopy has 
opened out — (for instance, immediately after thinnings, pre- 
paratory fellings, etc.)— must be protected as long as possible 
against the removal of litter. All woods intended for imme- 
diate natural regeneration, and even -aged old woods ready for 
felling may be opened, but all young woods, till they have 
reached middle-age, sliould be spared. Litter should, as far 
as possible, be preserved carefully in coppice-with-standards 
and coppice, and especially in oak-bark coppice. 

4. Intensity of the Usage. 

Only imdecomposed litter should be removed, that in pi'O* 
cess of decomposition being preserved. This proviso cannot 
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indeed be completely secured, but every effort must be made 
in this direction and the removal of the humus should never 
be permitted. The more a locality requires protection, the 
more superficial should be the removal of the litter; tliis is 
possible if the workmen are engaged by the forest-manager, 
but when the peasants remove litter on their own account, it 
is better to allot a large area instead of a small one for the 
removal of litter. The mossy carpet in spruce and silver-fir 
forests should never be removed entirely, but only in patches 
or strips. The hoe must never be used for removing heather 
in sods. When dead leaves are raked together, only a wooden 
rake with wide intervals between the teeth should be used, 
never an iron rake. 


5. T^iujth of Close- time. 

The length of close-time between two successive removals 
of litter from the same area depends on the nature of the 
locality ; the soil and configuration of the ground should bo 
considered first, and, only in the second place, the species, 
age, and condition of the wood. It requires no argument to 
prove that the forester should insist on as long a close-time as 
possible, and should only consent to an interval less than six 
years when absolutely compelled to do so. The close-time 
may be shortened in crops of trees that have attained their full 
maturity, but must be kept as long as possible in the case of 
young woods. 

6. Seoson. 


Heather and broom should be harvested just before they are 
completely in blossom, ferns in the autumn ; on regeneration- 
areas it is better to collect litter somewhat late in the year. 
Oroimd-litter should be raked up chiefly in autumn, while the 
leaves are falling. Wherever the removal of litter must take 
place in spring, it should be restricted as much as possible in 
quantity ; the farmer, however, requires more litter in spring 


uLuer, as^^then the work is less laborious, and because, m wei 


[Hon. G. Lascellea, Deputy Surveyor, New Forest, states that if bracken is 
cut before the end of September, as in tlie forest of Ucan, its rhizomes become 
^ireatly weakened, and the crop becomes gradually poorer. — Tr.] 
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weather, in order to obtain dry litter, the peasant will select 
the very places that are most liable to damage. 

7. Plan of Operations. 

It is in many places usual to draw up a plan of operations 
for the removal of litter, to serve for a longer or shorter series 
of years ; this is revised usually at the same time as the forest 
working-plan. In such a plan all compartments are designated 
which may be opened for the removal of litter, subject to a 
suitable close -time, and the plan is based on area. Although 
this plan is drawn up on different principles in the different 
German countries, yet they all agree in excluding from the 
usage areas requiring protection, and especially all kinds of 
young woods. After this has been deducted, the remaining 
area is divided by the figure representing the rotation of the 
litter, the quotient being the area which is opened annually 
for the removal of litter. In order to compensate for the 
withdrawal of the annual felling-areas from the area open to 
the removal of litter, an area of the oldest woods equal to 
those which were closed, must be opened annually to the 
usage. In countries where years of scarcity of straw occur 
periodically, a reserved area of woodland should be set aside, 
which may be opened when required. 

In Baden, removal of litter is not allowed in the case of 
broad leaved woods, till they are 40 years old; in coniferous 
woods — 30 years, and in coppices —12 to 15 years. The 
shortest close time is three years. In IIcssc, removal of litter 
is not allowed in high forest till after the first thinning, and 
in coppice till the second half of the rotation. In Bavaria, all 
woods are closed to the removal of litter till the second half of 
the rotation ; the close-time is as follows : — 


Nature of forest. 

Moist soil. 

Dry soil. 

Scots pine, larch, birch 

Beech, oak, silver-fir, spruce ... 

Yeara. 

. 3 

6 

Years. 

6 

10 


In the Wurtemberg State forests all rights to litter have 
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either been eomtnuted [by purchase, or by granting a forest 
area to the commune which held the right.— Tr.], or are now 
in process of commutation, so that no plan of operations for 
the removal of litter is required. In Prussia the local forest 
official is authorised, according to the actual requirements of 
the people, to open those forest areas for the removal of litter 
which are best able to bear it. 

Section VII.— Mode of Disposal and Sale of Forest- 
Litter, 

1. Persons ivho maf/ remove Litter. 

Owing to the great prejudice to wood production caused by 
the removal of litter, this usage is not considered as a regular 
form of forest utilization, as in the case of wood and other 
minor produce ; but unless there is any actual right of user, 
it should be permitted only as an extraordinary concession 
for otherwise irremediable agricultural distress. Thus, litter 
is granted by a forest official only to right-holders, or by 
special permit. In both cases the amount granted is limited 
by silvicultural requirements, as laid down for instance in the 
plan of operations, and in cases of urgent necessity even these 
may be exceeded. 

(a) Right-holders. — Rights to litter are generally unlimited 
in amount ; even then they must 1)0 limited by tlie require- 
ments of the right-holders, or by those of silviculture. It is 
extremely difficult to decide what are the actual requirements 
of the right-holders, so that silvicultural requirements may he 
paramount. All national-economic laws in Germany prescribe 
that rights to minor-produce from a forest must be so limited 
ID volume as not to endanger the production of wood. The 
necessary limits are laid down in the plans of operation for 
litter, which have been drawn up by competent persons, and 
^11 grants of litter to right-holders must therefore be kept 
within the limits prescribed in these plans. 

(b) Permit-holders. — Permits to remove litter should be 
given only to persons actually in need of it. 

It is evident that to supply litter too liberally to fanners 



780 


FOREST-LITTER. 


tempts them to abstain from producing sufficient straw for 
their cattle. In years of scarcity of straw, however, exceptional 
assistance to farmers is justified. Thus, in the dry year, 1893, 
about 75,000 tons of forest-litter, from the State forests of 
Bavaria, were given to the farmers. The forest -owner should 
see to it that these aids to agriculture do not become normal 

2. Sale of Litter. 

Litter can be sold only in two ways: by royalty, or by 
public auction. The latter method, ho^vever, can be adopted 
only if the removal of litter is regarded as a measure 
necessary for forest management. 

If litter is sold to the highest bidder, it at once assumes the 
character of ordinary forest produce; farmers base their 
cultivation on these sales and expect them to recur annually, 
and thus a demand for litter arises. Attempts are being made 
to render the demands for litter permanent. Prices obtained 
for it by auction represent only the agricultural value of 
litter. If they are to guide the forester in fixing the royalty 
it should be remembered that the forest iioint of view differs 
from the agricultural opinion of the value of forest-litter. 

There is, however, little or no objection to auctioning litter 
of forest weeds, the removal of which rarely injures a forest. 

In fixing royalties for litter, two points must be considered, 
the unit of measurement to be adopted and the rate of royalty. 

(a) TTnit of measurement, — Forest litter may be measured 
by area, or ])y volume ; in the former case, as a rule, one or 
more compartments in a forest are opened to all permit- 
holders who remove the litter collectively. They either divide 
the litter among themselves, or each permit-holder is allowed 
to remove a specific number of cartloads or headloads. Then 
separate areas usually are allotted to the different modes of 
conveyance (carts, wheelbarrows, headloads, etc.). When the 
litter is disposed of by volume, lieaps of specified dimensions 
are prepared by the permit-holders under the supervision of 
the guards. The size of each heap corresponds usually to the 
local waggon- load (for two horses or bulloclts) termed m 
German, Fuder^ being equal to five stacked cubic meters. 
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Eemoval by volume in heaps is preferable to the method by 
area, and does less injury to the forest. The litter is then 
brought alongside the roads and ])iled in rectangular heaps of 
equal size; these are counted and delivered in a regular 
manner to the permit-holders. 

(b) Price of litter.— Strictly speaking, the price of litter 
should depend on the loss of wood increment caused by its 
removal ; for, from a silvicultural point of view, litter is as 
valuable as the additional volume of wood which would grow 
on an area, were the litter allowed to remain. Since, however, 
the exact amount of the loss of wood for any locality is, as a 
rule, non-ascertainable, this metliod of valuing litter must be 
abandoned. Another means for determining the royalty on 
litter is its agricultural value, which should be the minimum 
royalty for litter, and may be most correctly determined by 
selling it by public auction. The agricultural value of litter 
depends on the current price of straw, on scarcity of straw, 
and on tlie general conditions of agriculture. Brock says that 
the dearer is strawy in a year of scarcity, the cheaper forest- 
litler should be ; in such ease, old woods may be raked, pole- 
woods cleared by hand of litter, in strips only. 

Even ill cases where forest-owuiers for certain reasons are 
compelled temporarily to permit the removal of forest-litter, 
it should not be given gratis, though lower prices than those 
current for straw may be charged. I'his position among 
others was adopted hy the Bavarian Forest Department, in 
the year of drought 1893-4. 

[As regards the use of forest-litter in Britain, the following 
data are given : 

In the New Forest, about 14,500 bundles of heather are sold 
per annum at Is. 100 bundles, 6 bundles being about as much 
as a man can conveniently carry. Heather is also cut and 
sold in the Windsor Forest at Id. a headload. 

Bracken is cut, in the New Forest, from the 25tl] bepteuiber, 
Ijy the foresters, and is sold dry to farmers, w'lio remove it 
from the forest, at 85 . a waggon-load, tlie cost of cutting and 
<^^yiag being 5 ^. In the enclosures it is much more patchy, 
and costs 7 s. a load to cut and dry, but is then out and sold 
between the 1st of August and the 15tli September, at 15s. a 
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load. People who are very keen about bracken being welb 
dried pay the extra price. From 1,800 to 2,000 waggon-loads 
are thus removed annually. In Windsor Forest, it is sold at 
2s. a cart-load (one horse), the purchaser cutting it. In the 
Dean Forest, there is a poor crop o£ bracken, it being cut too 
early, which weakens the rhizomes considerably. The Hon. 
G. Lascelles, Deputy Surveyor, New Forest, who supplied the 
above information, states that if bracken is cut before the end 
of September, as in the Forest of Dean, its rhizomes become 
greatly weakened, and the crop becomes gradually poorer. 

We have seen above that the removal of dead leaves and 
other forest-litter is practised extensively in Germany. 
In France, this removal is termed sontrage^ and litter is 
litiere, but the benefits to the forest by disallowing its removal 
have been felt so long, that no rights-of-common to such a 
destructive practice are allowed by law, and in the standard 
French book on silviculture, Boppe et Jolyet, “ Lea Forets,” 
1901, the practice (p. 123) is alluded to merely, Mais k 
silviciilteur doit surtout s^opposer de la facon la plus hier(}iqife 
a renlhement des feuilles mortes. Heureusement, ce fleau, qni 
shit encore en Allemayue, est tres localise en France.^' — Tr.] 

Section VIIL— Limits to Permissible Use of Forest- 
Litter. 

Section 1. of this chapter deals, in a general way, with the 
question of forest-litter, and describes its important action 
upon the well-being of the forest and on the production of 
wood; it proves also that the removal of the litter is most 
injurious, whenever it is necessary for the soil and crop of 
trees in question. No further remarks on these points, there- 
fore, are required here, but those cases will be explained, in 
which the removal of Utter does the least possible harm to the 
forest, or even may be useful to it. 

1. Locality. 

Dead-leaf litter may be removed from places, where its 
presence is indifferent, or superabundant ; ffom areas not 
used for the production of trees, such as forest meadows, 
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glades, roads, ditches, etc. ; it should be removed from areas 
used for tree-growth, but which are covered deeply with dead 
leaves, depressions, or freshly-sown compartments. All weed- 
litter may and should be removed, wherever it is a hindrance 
to natural regeneration, or to the development of forest plaiits ; 
also litter containing numerous larvie or pupae of destructive 
insects. Woods growing in localities, where the climate is 
cool and moist, and where the rainfall is heavy arc chosen in 
preference to dry localities for the removal of litter. 

2. Soil 

Soil that is mineralogically rich can withstand the removal 
of litter better than poor silicious soil ; on poor soils the effect 
of this removal is felt soonest and most severely. 

Schwappach states that in spruce woods of the best quality, 
the annual removal of litter even for long periods lias no bad 
effects. Laspeyres found that the use of litter on good soils 
IS indifferent ; that in years of drought litter may be taken 
from inferior soils. BleueP showed that annual removal of 
litter during periods of 23 to 30 years caused a falling off of 
increment in old beech woods, on inferior soil, of 32, 89, 42 
and even 56 per cent., while on good basalt soil (Rhone) the 
loss was only 8 per cent. Under similar conditions, the loss 
of increment in Scots pine woods of good quality was 7' 5, 9*3 
and 10*9. Removal of litter every three years in the Spessart 
from beech woods caused a loss of increment of 18 per cent., 
every six years, of 10 per cent. These observations showed 
further, that the loss of increment increased steadily from 
period to period. 

The condition of the subsoil is also important ; if it is of 
boulders, gravel, or of rock full of cracks, and also the ground is 
sloping, the water descends to such a depth, as to be useless 
for the forest. The ill effects of the removal of litter from 
soils full of springs or from deop soils are felt less ; its had 
effects are nowhere greater than on shallow soil, with a subsoil 
of gravel, etc. 

* Bleuel, “ Uber den Einfiuw der Streiinutzungauf die Masseoprodiiction de5 
Holzes.” 
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3. Climate. 

In cool, moist climates and in localities sheltered from the 
wind, litter decomposes slowly ; sometimes it accumulates to 
such an extent, that its removal may be even advantageous for 
the trees. Such places should be opened, first of all, for the 
removal of litter. 

4. Species of Tree. 

The removal of litter is the less injurious for any species of 
tree, the better the locality suits it, and the less the |)roducti- 
vityof the locality, depends on the soil-covering of dead leaves, 
moss and humus. The question is therefore strictly local, 
and must be decided afresh for every change of locality. 

5. Age of Crop. 

The removal of litter is most prejudicial to young thicltets 
and poles ; on the contrary, for mature crops of trees, at the 
commencement of natural regeneration, its removal facilitates 
the germination of the seed, [and enables the seedlings to 
become rooted firmly in the mineral soil, when they are loss 
exposed to perish from drought than if rooted merely in 
the litter. — Tr.] 

G. TJensitij of Crop. 

There are crops of such a density, that encourages an 
unproductive accumulation of partly decomposed humus ; in 
dense spruce and silver-fir woods this bad condition of the 
soil arrests the growth of the trees. In such cases, thinnings 
are beneficial and so is the removal of the cushions of moss. 
Also in crops of pines, oak and larch, there is often a dense 
soil-covering of mather or bilberry-plants, that induces the 
formation of sour soil and of a pan ; removal of the soil- 
covering and breaking up the soil is thus beneficial. 

7. Intensity of the Usage of Litter. 

The shorter the period between consecutive removals of the 
litter, the greater the injury to the crops. Such an interval 
may he termed rotation of the litter-raking. 
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It is also of great importance when the litter is removed, 
whether only the uppermost layer of undecomposed leaves, etc.^ 
is raked together, or the humus and mineral soil below is 
also affected. The deeper the raking the more injurious it is. 

Whenever deep raking is repeated frequently, the soil 
becomes dry ; it may become so firm and hard that the next 
year’s dead leaves, either are blown away by the \jjad, or do not 
coalesce with the soil for several years. Therefore, only the 
upper and undecomposed, or slightly decomposed, layer should 
be removed, and the moss removed only in strips. 

8. Season for the Usage. 

The removal of litter is more prejudicial during spring and 
summer ; less so in autumn l)efore the leaves fall, and least of 
all after the fall of the leaves. 

Raking, before the leaves have fallen, removes dead foliage 
that has lain for a year on the ground, so that in order to 
secure a given quantity of litter the rake must go deeper 
into the decomposed humus. When raking is done after 
leaf-fail, some of tlie freshly fallen leaves remain on the 
ground. 


Section IX. — Value of Fokest-Litxeu foe Auiiicultuue. 

The very existence of agriculture depends on a sufficient 
supply of manure. Both agricultural and forest land require 
that all soil-constituents which the crops have taken from them 
—'in fact their own ash-constituents — should be restored, or 
they will become sterile. In order to meet the constantly 
increasing demands on the soil made by agricultural crops, 
every farmer besides using imported artificial manure, endea- 
vours as much as possible to increase the supply from bis own 
farmyard. In order, however, to obtain more farmyard manure, 
JRore fodder-crops must be grown, and any scarcity of hay, 
elover, etc., must be met by using straw. But stalled cattle 
require litter partly to afford them dry bedding, and partly 
the absorption of their excreta ; when therefore there is 
sufficient straw for this purpose, a substitute may be found 
F.u. 3 E 
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in dead forest leaves, needles and weeds. There are in Get* 
many many farms where all the straw is used for fodder, or 
sold, and only forest litter used for bedding. Hence daring 
the present century the belief has spread, that forest-litter 
is more or less indispensable for the farmer, and practically 
the forest owner is obliged to supply it. 

The questions must therefore be discussed, first, what is the 
agricultural value of the different kinds of forest-litter ; and 
secondly, under what eircumstances forest-litter becomes a 
real necessity for agriculture ? 


1. Agricultural Value of Forest-Litter, 

The agricultural value of the different kinds of forest-litter 
depends on their value as manure, and as material for bed- 
ding. Some other factors are also important, such as the 
physical properties of litter, its effect in rendering soil 
porous, etc. 

The amount of contained ash-constituents (phosphoric acid, 
potash, etc.) and of nitrogenous compounds decides the mannrial 
value of forest-litter. All forest-litter, except ferns, is poorer 
than is straw in ash-constituents. The observation of Wolff and 
Ebennayer* as regards the percentages of mineral constituents 
in the ash of forest-litter are given below : — 


Kind of litter. 

Potash. 

Phosphoric acid. 

Ferns and rushes 

22 to 24 

5 to 6 

Different kinds of stmw ... 

7 „ 11 

2 

Moss and broom 

5i „ 

li to 3 

Dead leaves 

3 

3 

„ needles 

lito2i 

1 to2i 


Forest-litter is sometimes richer in nitrogenous matter than is 
straw. It is, however, much more valuable as bedding material 
than for its intrinsic manurial value. Good bedding material 
should absorb and retain tlie excreta of farm animals readily 
With the exception of dry moss and peat, all other forms of 
forest-litter are inferior to straw in this respect. Leaf- litter 


* “ Die gesamuitc Lehre der Waldstreu,” p, 109. 
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and dead ferns come next to these in value, while coniferous 
needles and heather are less suitable. The absorptive po^¥er of 
woods and branch-litter varies inversely with their more or less 
woody nature. 

[Ebermayer states that animal manure containing much 
ammonia has a basic action ; vegetable debris, except when 
mixed with lime or ashes, is acid. — Tr.] 

The absolute value of the various kinds of forest-litter 
depends chiefly on their value as manure and bedding, but, 
as noted above, other factors also intervene. Taking all 
these into consideration, the kinds of litter may be classed 
as follow : — 

1. Moss, either alone, or mixed with needles, 

2. Straw. 

3. Dead ferns. 

4. Dead leaves, of beech, sycamore, lime, alder, and hazel. 

5. ConiferouB needles, and dead leaves of species not 

included in 4. 

6. Weeds and branch-litter. 

Moss, when used dry, is the best of all forest-litter : it is more 
absorptive than straw, and contains more nitrogenous matter, 
pliosphoric acid, and potash. Its rate of decomposition varies 
with the species of moss. Mosses that occur usually in spruce 
and silver-fir forest become converted rapidly into a fairly light 
soil ; the more fibrous kinds of moss, which grow on swampy 
ground, decompose more slowly. 

Dead ferns also form a valuable kind of litter, containing 
not only the largest quantity of ash, but also, when thoroughly 
^ry, being highly absorptive of liquid manure. Eerns also rot 
rapidly, and improve the porosity of a soil 

Litter of dead leaves of beech, lime, sycamore and hazel is 
^6ry nearly as valuable as straw; when used for manure, 
however, unless thoroughly rotten, it is rather harmful to light 
soils, in which it forms stratified layers, does not decompose 
'iniformly and often renders the soil too loose. Thus, light, 
sandy soils manured with it often become superficially dry, and 
the leaves and dung applied to them are blown about by the 
wind. 


3 E 2 
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Dead needles, taken alone, are inferior to dead leaves of 
broadleaved trees, both in their ash-constituents and power of 
absorbing dung. As, however, there is generally a certain 
amount of moss with the needles, this increases their^ value as 
litter, and hence, a mixture of dead needles and moss is pre- 
ferred to dead leaves. 

The 'branch es of conifers form a litter very variable in value.* 
If it contains only the twigs and last year’s sappy shoots of the 
trees, and all woody pieces less than the little finger in thick- 
ness are excluded carefully, this litter in many districts is 
considered valuable for stiff soils. It is not used in loose, 
sandy soils, or when very woody. 

Heather, as well as litter from other weeds, is inferior agri- 
culturally to the kinds already referred to. It varies, however, 
in value, according as only the upper half of the plants, or the 
whole plant is used ; if cut when young, or when old and 
woody ; in the spring, or the autumn. Sods of heather, includ- 
ing the roots and humus around them, as well as the whole 
plant, are much more absorptive of dung than the heather 
alone ; but their removal is never permissible under careful 
forest management. 

2, Cases where Forest- Litter is Indispensable for Agriculture, 

The condition of agriculture is so variable in different 
countries, and the intensity with which land is farmed differs so 
considerably even in one and the same district, that to answer 
the above question requires a special consideration of each case. 
The main factors of general application are the natural pro- 
ductiveness of the soil, climate and season, size of farms, 
density of population and comparative knowledge of agricul- 
ture by the farmers. If any special case is considered under 
each of the above heads, a decision may be formed as to the 
indispensability or otherwise of forest-litter. 

Within certain well-defined limits forest-litter may be con- 
sidered indispensable to agriculture in the case of inferior 
soils and unfavourable climates ; in years of scarcity of straw 
and fodder ; in over-populated districts where landed pro- 


• Partll. 
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perty is much subdivided and garden-husbandry or the culti- 
vation of potatoes extensively followed ; or where, in fairly 
productive localities, the land is being over- cropped. 

In all other cases, and especially where bad farming prevails, 
and the'^armer from obstinacy and indolence declines to adopt 
improved agricultural methods, there can he no real necessity 
for concessions of forest-litter. 
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DIGGING AND PREPABATION OP PEAT.* 

Section I. — General Account. 

• 

In the cooler parts of the temperate zone there are numerous 
areas, frequently of large extent, characterised by an excessively 
wet soil and a specialised flora, and generally known as peat- 
moors or bogs. Most of these moors yield peat, sometimes 
called turf, as in Ireland and the English fens. 

Extensive peat-bogs are found in all northern countries, but 
not in southern countries. They are most abundant in Ireland, 
Russia, Scandinavia and Germany, occurring in river-valleys, 
along the banks of lakes, on high plateaux and ridges in 
mountainous districts (such as the Harz, Thiiringerwald, 
Erzgebirge, Rhone-valley, Schwarzwald, Alps, etc.), also on 
the high Swabian plateau in Bavaria bordering the northern 
declivity of the Alps, where there are at least 500 square miles 
of peat-bog; tffere are also extensive bogs in the plains of 
North Germany. This latter district, extending northwards 
into Denmark and westwards into Holland, is the richest peat- 
producing tract of land in Europe, for bogs over 1,500 square 
miles in extent, which occur in East Friesland, do not pro- 
bably exist elsewhere. 

[There are in Ireland 1,861 square miles of peat-bog, with an 
average depth of 25 feet, chiefly in the counties of Mayo, Galway 
and Donegal,! but the area of bog in Great Britain is not given 
in the agricultural returns, though peat is dug for fuel in the 
Scotch and Welsh hills and mountains, in the Yorkshire and 
Lincolrishire wolds and moors, and in the fens of East Anglia 
and Somersetshire. — Tr.] 

* Baumann, “Die Moore u, die Moorkultur ia Bayeru.” Mannel, “Die 
Moore ties Erzgebirge.” Ronold, “ Die Torflager in Wiirttemberg.” 

t [The area of the bog of Allen in Ireland is about 370 square miles. Sec 
“ The Irish Peat Question.” T. Johnson, “ Proceedings of Royal Dublin Society,’ 
No?., ISOO.-Tr.] 
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Much has been written at different times about the com- 
position of peat ; recently, Wiegmann, Sendtner and Braun, 
Muller and Kamann * all agree that it consists chiefly of 
vegetable substances, the decomposition of which is arrested 
by excessive moisture : the only questions still unsolved being 
whether the exclusion of air by water alone suffices to retard 
the decomposition of the vegetable remains, or whether the 
antiseptic action of free humic acid is also indispensable for 
this purpose, finally, whether ^ost in any way affects the 
formation of peat. 

Since, during the formation of peat, air is excluded by the 
presence of water in excess, the carbon contained in vegetable 
debris cannot be converted into carbon-dioxide, but plants in 
the deeper layers of a peat-bog part with their oxygen and 
become carbonised. 

Permanent and excessive moisture causes the formation of 
peat, and this, according to Sendtner, may be due to 

(a) Impermeability of the soil, when the bed of a peat-bog 
is formed of clay, loam or marl. This is the usual cause of 
peat-formation. 

(b) The porosity of the soil. When the sub-soil consists 
of permeable sand or gravel (as in the case of several Dutch 
and North German bogs) the situation being either on a level 
with an adjoining lake or the sea, or slightly elevated above 
them, the soil is maintained constantly wet by the sub-soil 
water. 

(c) Inundations, when repeated annually and lasting for 
some time. 

(d) Finally, certain mosses, e.g., Sphagnum, Dicranum, 
cause moors to form, as they become saturated with water and 
spread eentr if u gaily from their original position. 

[Some European peat-bogs are of great age, and con- 
tain remains of extinct animals (Irish elk, etc.), also of 
arctic flora, dating from the close of the Glacial Period. 
-Tr.] 

* Ramaim, “Moor u. Tort, ihre Entstehung \i. Kiilfeur,*' 1888. SentHner, 

Vegetationsverhaltnisse von SiiUbayern,” p. 6tl ; Spreiigel’s notes on pp. 37, 
11, of Lesqueienx, “ Untersuchuugen iiber die Torfmoore” ; also Braun, " Die 
Hutnus^Ure und die fossilen, BrenTistx)fie,” Darmstadt, 1881, 
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Section IL—Classification of Bogs, 

Peat-bogs vary considerably in appearance, being composed 
of various plants, and containing different kinds of peat. 
Thus, in North Germany, high peat-bogs (Hochmoore) , are 
distinguished from fens (Grihdandsmoore, or Briicher) ; in 
South Germany, chiefly in the Bavarian and Swabian plateau, 
there are high peat-bogs and morasses {Wiesenwoore), Les- 
quereux classifies Swiss bqgs as super-aquatic and infra- 
aquatic, corresponding to high peat-bogs and morasses. 

1. High Peat-hogs, 

High peat-bogs, termed also peat-mosses, peat-moors or 
wolds, are characterised chiefly by the prevalence of peat-moss 
(Sphagmim\ and a dense growth of heath plants (Calluna, 
Erica j Andromeda^ Mgrim and Vaccinium) ; in South Germany, 
also, the mountain-pine {Piuits montana)^ birch and willows 
appear on these bogs, and the spruce on their borders. 
These plants grow gregariously on extensive areas and form 
most of the peat. Such bogs are characterised by a gravelly 
or clayey subsoil and by the convex, arched shape of their 
surface. 

The arching of their surface (from which the term high 
peat-bog arises) consists in a gradual, upward slope from their 
margins towards their centre. This upward slope is sometimes 
inconspicuous, but often reaches 20 to 23 feet, or even 33 feet, 
as in the Emsmoor and in East Prussia. High bogs originate 
at their highest point from which they tend to spread in all 
directions ; this is due to the hygroscopic nature of the moss 
(Sphagnum)^ so that water constantly flows from the margins 
of a bog, rendering the surrounding land swampy. In this 
way even permeable soil may become covered with peat, the 
bog consequently spreading. The wettest parts of high peat- 
bogs are their borders. 

2. Morasses or Meadow-hogs. 

Morasses, as in the Bavarian plateau, have a completely 
different flora from high bogs. In the first place there are no 
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peat-mosses, heath-plants or mountain-pines; in their place 
species of Eypnim and sour lierbage {Enoplioram) appear, 
which are their chief components, while stunted Scots pines, 
alders and birches are here-and-there disseminated. High 
bogs are distinguished readily, even at a distance, by the 
appearance of the heather and red- tinted Sphagnum, but 
morasses resemble extensive sour meadows. 

In the Bavarian plateau, morasses have a subsoil of boulders 
and gravel brought down from .the mountains and usually 
covered by a thin layer of amorphous calcareous marl, termed 
locally Aim, which forms an impermeable base for the bog. 
The surface of morasses is horizontal, and they are more 
frequent in low lands near rivers than in depressions among 
hills, where high bogs prevail ; they are more extensive than 
the latter in southern Bavaria. 

3. Fens. 

The fens of the North German plain have much the same 
appearance as the morasses of the Swabian plateau, as they 
are also formed of sour herbage, such as rushes, sedges, cotton- 
sedge {Erw 2 )horum) and moss ; but according to Sprengel, they 
do not yield actual peat, but a muddy humus which is dredged 
from them. 

These fens are often of large extent, chiefly near the water- 
courses, hut are much less prevalent in North Germany than 
the high moors. 

[The fens in East Anglia, when near the low chalk hills of 
that region, as at Mildenhall, sometimes rest on beds of marl 
formed of the debris of water-plants (Chara) incrusted with 
carbonate of lime from the brooks running into them, peat 
also occurring on the Kimineridge and Oxford clays. In all 
these cases, the vegetation resembles that of the fens and 
morasses of Germany. Professor Seeley states that in East 
Anglia, at the base of the layers of peat there are embedded 
forests of Scots pine and yew, separated by marine clays. 
Tr.] 

Although, as a rule, the different kinds of bog preserve their 
distinctive character, yet there are many intermediate iorms. 
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Thus fens and morasses may contain patches of high peat*bog, 
and frequently pass completely into the latter form, as in 
many North German districts. 

Besides the above-mentioned kinds of bog, there are seaside- 
hogs and forest-bogs. The former are found on low lands 
along the seaside, which either are inundated occasionally by 
the sea, or into which brackish water infiltrates, or are 
caused by the damming of the mouths of rivers or small 
water-courses by the tides. Forest bogs are those in which a 
great number of trunks of trees in more or less good preserva- 
tion (bog-oak, etc.) are imbedded. These trees are sometimes 
erect, as in the Wicklow mountains, and sometimes lying 
horizontal, as at Suuningdale, in Berkshire. Both these 
forms of bog, however, come under one of tlie headings 
already mentioned. 

The peat found in the different bogs varies greatly in its 
character, according to the degree of decomposition it has 
undergone, its greater or lesser contents of humic acid and 
carbon, the vegetable debris of which it is composed, and 
finally the comparative quantity of earthy material which is 
mixed with it. Some peat resembles lignite both in appear- 
ance and economic value, whilst other kinds hardly can be 
distinguished from slightly decomposed vegetable remains. 
So many bogs are intermediate to these extreme forms, that it 
is difficult to characterise even a few of them. They are 
distinguished frequently by means of the plants from which 
they are formed, such as heather-peat, moss-peat, wood-peat, 
sedge-peat, etc., but thus no true standard of quality can be 
obtained, as each variety may represent peat of every 
possible quality. The best way to judge of the latter is to 
consider the degree of decomposition of the vegetable debris, 
the degree of cohesiveness of the particles of peat and their 
density. In this way, the following kinds of peat may be 
distinguished :~ 

(a) Amorphous or Black peat, a dark brown or blackish 
peat with silky lustre on a clean-cut section, heavy, generally 
rich in carbon, when dry, breaking with a conchoidal fracture. 
This peat is found generally in the deeper strata of a bog, and 
the plants of which it is formed are scarcely recognisable. 
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(b) Fibrous or Brown peat, of a loose fungoidal structure, 
in which the component plants, grass, moss, heather, reeds, 
sedge, etc., are generally recognisable ; it is usually of a lighter 
colour than black peat (yellowish to dark brown) , less heavy, 
more or less carbonaceous, when dry does not crumble and 
usually occurs in the upper strata of a bog. 

(c) Dredged peat, a more or less tenaceous black peaty mud, 
forming the lowest layer in morasses, showing, no visible 
vegetable structure ; when dry, it has a peculiar lustre and is 
heavy ; owing to its muddy character it generally is moulded 
into various shapes. 

Between dredged and black peat (the best kinds) and brown 
peat, there are numerous intermediate varieties, the quality of 
which is considerably modified by the amount of earthy admix- 
ture they contain. This earthy matter consists partly of the 
ash-constituents of the peat-forming plants, and partly is 
introduced accidentally by inundations, etc. 


Suction III.— Methods of Harvesting Peat. 

Before undertaking to work a peat-bog, a full estimate 
should be prepared of its quality and its probable volume, in 
order to determine whether the outlay of capital expended m 
removing the peat will be covered by its value and that of the 
cleared land. 

1. Quantity of Peat. 

The following data are required to estimate the quantity of 
peat in a bog: the area, depth, amonnt of shrinkage of the 
dried peat and the loss of peat during its extraction. 

(a) The area of a bog should be ascertained by surveying it. 

(b) The depth may vary considerably at different points of 
a bog, which is not unfrequently intersected with one or more 
layers of sand, loam or trunks of trees. In order to become 
acquainted with the nature of the bog, it should be divi e 
into ft rectangular network, the points of inteisection of w ic 
may be about 27 yards (25 meters) apart, and are marked by 
numbered stakes. Three methods can then be followed ; either 
strong poles are driven down at each numbered point to t e 
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bottom of the bog, pits 2 to 3 yards broad are dug, or a peat- 
borer is used. 

Driving poles into bogs may lead to false inferences, if beds 
of marl or trunks and stumps of trees, etc., are imbedded and 
prevent the poles from reaching the bottom of the bog. 
Digging pits is often impracticable owing to the accumulation 
of water and always involves much labour and expense, but 
this metliod affords the best possible insight into the nature 
of the bog and must be employed to ascertain the quality of 
the peat. It is best to use the peat-borer, as this generally 
gives satisfactory results and saves much labour. Since, 
however, few bogs are level at the surface and their bed is 
often undulating and irregular, levels should be taken all 
over the surkce of a bog, the levels of the bottom and top 
of each point of intersection being fixed with reference to 
a horizontal plane through the highest point in the bog. 
This levelling will show 'what is the contour of the bog, a 
knowledge of which is requisite before its drainage can be 
undertaken. 

(c) With the help of the above factors, the contents of the 
peat-bog may be estimated in cubic feet. In order, however, 
to estimate how much marketable peat there may be, a deduc- 
tion must be made for shrinkage. For as soon as a bog has 
been drained, it settles down and shrinks the more, the more 
thorough the drainage. The amount of shrinkage must be 
calculated by experiment. 

Thus pieces of peat of the ordinary dimensions are cut from 
several trenches and thoroughly dried, their volumes being 
calculated before and after drying and the difference between 
them being the amount of shrinkage, which is generally from 
30 to 50 per cent, of the volume of freshly cut peat. 

(d) Finally the loss of peat during extraction must be 
estimated : this varies in quantity according to the skill of the 
workmen, the quantity of stumps or stems of imbedded trees 
and the cohesiveness of the peat, for the better kinds of peat 
are much more brittle than inferior fibrous peat. 

During frosty weather in winter, the walls of the open peat- 
trenches frequently crumble considerably ; besides this waste, 
frequently ridges of peat remaining between the trenches 
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cannot be utilized. Thus a loss of peak occurs, often 25 or 
50 per cent, of its whole volume. If, however, this otherwise 
wasted material can be moulded into turves, no loss need 
accrue. 

2. Quality, 

The quality of the peat is ascertained in the above-men- 
tioned manner, both as regards its efficiency as fuel, and the 
possibility of thoroughly draining the bog. 

It has already been remarked that the quality of the peat 
varies in the different strata of the bog, the best peat being, as 
a rule, at the base of the bog and the inferior kind at its 
surface. In order to ascertain the nature of the peat through- 
out the bog, several experimental trenches are dug: the 
refuse is set aside and the fibrous peat stacked apart from 
the black peat, the relative proportion of each kind being 
calculated ; the peat at the base is then dredged out and each 
kind analysed. 

As the value of peat depends on the quantity of combustible 
matter in it, which is greater the less water or ash the peat 
contains, the analysis is directed chiefly to ascertaining the 
quantity of water and ashes in the peat. The contents of the 
peat in bituminous substance and uiicombined carbon, which 
is always a test of its value, may be found by extracting them 
with sulphurous ether. 

The value of a peat-bog depends also on the possibility 
of draining it. It a hog can be thoroughly drained within 
a year from the commencement of working it, the admis- 
sion of oxygen from the air will more or less quickly con- 
vert the insufficiently decomposed and less valuable peat 
into rich black peat which is the most valuable kind. Well- 
drained peat also crumbles far less than when the bog is 
undrained. 

It is evident that if a bog is to be properly utilised, it 
should be worked in accordance with a fixed plan prepared 
beforehELnd | this plan specifies how much peat should be dug 
yearly, when the digging is to be commenced, in what direc- 
tion it is to be continued, according to what principles it is to 
be drained and the best lines for transport. Wherever there 
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is an intention of utilizing the peat and then converting the 
bog into a forest or meadows, so much of it will be dug each 
year in accordance with the purpose in view, to which the 
utilization of the peat is merely subsidiary. If, however, it is 
intended to have a permanent supply of peat, only so much 
should be dug yearly as the bog produces in a year. 

Fresh peat is produced regularly in all bogs where the 
conditions remain unaltered. Thus some bogs produce annu- 
ally layers of peat 6 or 8 inches thick, or even thicker ; others 
a mere film of new peat, and others none at all.* 

The first condition for a renewal of the peat is a drainage 
system by means of which the parts of the bog from which 
the peat has been dug can be irrigated properly. If these 
portions can be kept submerged continually, but not too 
deeply (about 2 to 4 inches), whilst here and there ridges and 
mounds remain above water-level, the water containing humus 
and the base of the bog not being completely freed from peat 
a continual production of peat may be anticipated. In order 
to secure these conditions, the useless upper layers of peat and 
other refuse are thrown on the cleared areas and trenches, 
care being taken to keep these latter inundated. 

The mode of reproduction of a bog cannot be explained in a 
general manner, but only observed on individual bogs, whilst 
any change in the drainage of the surrounding land may 
greatly affect matters in this respect. As, therefore, a long 
period is required for such observations, during which changes 
in the water-supply may occur and the rate of production of 
peat vary in different parts of the bog, it is rare that working 
plans for a bog take into consideration its reproduction. It 
is, therefore, considered sufficient to prepare a plan for from 
50 to 100 years, according to the extent of the bog, the demand 
for the peat, and amount of labour available ; a fixed quantity 
of peat is thus supplied annually, whilst the cutting proceeds 
in a proper direction. In the latter respect, it is customary to 
commence operations at the highest part of the bog, if it is 
intended that the peat shall be reproduced, and thence to 
proceed gradually to its lower parts. 

• For the rate of growth in various moors, see Sendtner, op. cit.^ p. t>16. 
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Section IY.— Drainage of Bogs. 

1. General Account. 

Peat can be utilized only after a bog has been partially drained. 
It is chiefly small bogs resting on a sloping bed which can be 
worked without draining ; drainage is always necessary in the 
case of large bogs. The object is not to drain the entire bog, 
but only that portion whichitis intended to work immediately, 
and to such an extent that the peat may be readily dug and 
dried. The remainder of the bog should be kept thoroughly 
wet in all cases where the production of the peat is intended, 
and the peat also protected from being frozen* ; this is also 
frequently useful when the land already freed from peat is to 
be cultivated. 

All parts of the bog which are not being utilized should be 
kept thoroughly wet during winter, or the peat will be seriously 
injured by frost. When wet or damp peat is frozen it does 
not become compact again on being dried, but crumbles. If 
the cleared bog is to be planted with trees or converted into 
meadow-land, it is not advisable to drain the bog completely, 
but only to remove the superfluous water. 

The method of draining a bog depends essentially on its 
situation and nature ; one or other of the following methods 
being adopted : — leading water away in drains, cutting off the 
water-supply, collecting the water in drains or tanks, or causing 
the water to sink through an impermeable subsoil. 


2. Ordinary Drains. 

The usual method of draining is to lead the water from 
the bog in ordinary open drains. It is then essential that 
some land near the bog is on a lower level than its bed ; this 
generally occurs. The levels taken of the bog and the 
immediately surrounding country show the difference of altitude 
between the lowest point of the bed of the bog and that of the 
external land, and the gradient of the line joining these two 

* [Cranberry bogs in N. America are inundated regularly when threatened by 
frost, in older to protect the plants.— Tr.] 
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points. This is the line of greatest fall, and should be the 
direction of the principal drain. 

It should be noted that a steep gradient is desirable only 
outside the bog ; within the bog the gradient of the drains should 
be less the more water the bog contains. Digging the principal 
drain is commenced at its lowest point outside the hog; it 
often suffices to continue this drain up to the bog, but, as a rule, 
it should be conducted to the lowest point within the bog. In 
case a brook runs through the bog it may often be used as the 
principal drain after some cuts have been made in it to improve 
the flow of water. If the bed of the bog slopes down towards a 
neighbouring river or brook, this slope affords the best 
gradient for the drainage. If, however, the bog lies in a 
depression surrounded by higher land, it is a question of expense 
whether to cut through the latter or construct a tunnel to serve 
as a drain. The dimensions of the main drain depend on 
the gradient and the quantity of water to be removed. It is 
not generally necessary to drain down to the bed of the bog. 
Too broad or deep drains often injuriously dry up the bog and 
are extremely costly both in construction and maintenance. 
Where the drain leaves the bog a simple sluice-gate should be 
constructed in order to retain sufficient water in the bog daring 
winter. In the case of small bogs and drains, instead of a sluice- 
gate, the inlet into the main drain is blocked in autumn with peat. 

If there is much change of gradient in the bed of a large bog, 
several draining trenches are cut through the latter. It is often 
advisable to cut these drains from a certain point in the bog, 
and then lead them outwards in diverging directions, which 
generally cross one another at right angles. 

Whilst generally the main drain is completed once for all, the 
subsidiary drains are dug gradually during the progress of 
removal of the peat. They are generally at right angles to the 
main drains and are intended to drain only that portion of the 
bog which is being worked. They are naturally smaller than 
the main drain. 

In the extensive bogs of Holland, Friesland and Bremen the 
main drains serve not only for drainage, but also for the purpose 
of communication by barges and conveyance of the peat ; they 
are frequently 26 to 32 feet broad. 
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3. Drains fm- Cutting Water from Bogs. 

There are frequently small -watercourses which run into a bog, 
or waterruns down a slope into it. If, then, trenches can be dug 
so as to cut off the water-supply from the bog, they are very 
serviceable as an aid to ordinary drains, but will not suffice alone 
to drain the bog. 

4. Collecting -Drains and Tanks. 

A large number of bogs are supplied with water by infiltration 
from neighbouring watercourses. If, then, the hog lies above 
the level of the water it is possible to drain it in the ordinary 
manner ; this cannot be done if it is on about the same level 
as the water. Usually more extensive works are then required 
(which are too costly where peat-digging is concerned), iu order 
to exclude inundations from the bog, or remove the water from 
collecting drains by means of pumps and hydraulic engines. 
Only when the inlet of water is inconsiderable can water, which 
collects in the drains during the night, be removed by manual 
labour. The construction of a sufficiently large tank near the 
bog to receive the water can be undertaken only exceptionally. 

5. Piercing an Impermeable Pan. 

If a bog should rest on a thin bed of loam or clay, below 
which is an impermeable stratum, or pan, of gravel or sand, the 
simplest method of draining it is often to bore or break through, 
the pan and thus allow the water to sink below it. If, however, 
the shaft through the pan is made at the deepest part of the 
bog its drainage may be too thorough, and thus injuriously 
affect the peat. 


Section Y.— Harvesting the Peat. 

The removal of the peat may be effected in various ways. A 
distinction is thus made between peat dug by manual labour 
{Stichtnrf)j peat which is moulded into shape (Modellorf) and 
peat removed and prepared by machinery (Maschinentorf). 
F.u, 3 F 
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L Peat Dug hy Manml Lahoui\ 

Only fairly eompaet peat can be dug by means of spades, and 
the pieces, termed turves, are then dried in the sun and by 
exposure to the air. The different operations in this ease are 
the preliminary works, and digging, drying and storing the 
peat. 


(a) Preliminary Works, 

i. Subsidiary Drainage, 

After the main drain and the most important side-drains have 
been dug, further subsidiary drainage must be done annually. 
This is effected by making a trench a little way from where the 
peat is to be dug, parallel to the line of digging and per- 
pendicular to the main drain, so that either the whole or a 
portion of the area to be dug in a year may thus be drained. As 
soon as the season’s digging is over, the junction of each of these 
drains with the main drain is closed in order to keep the bog 
sufficiently moist. 

ii. Laying Out ike Line for Digging, 

The area where the peat is to be extracted in accordance with 
the plan of operations, should then be measured and marked 
out with shallow trenches, so that the workmen may know 
where to dig. 

As a rule, the peat should be dug in successive years from 
immediately adjoining areas and no wall of peat left standing 
between them, which is usually a sign of bad management, 
though sometimes necessary where there is a superfluity of 
water. Each year’s area should consist of a long, narrow strip, 
parallel lengthwise to the subsidiary drain. Such a shape 
allows a number of men to work simultaneously, renders drain- 
age by means of a single trench possible and allows sufficient 
room for drying the turves, which are generally piled on a strip 
of land previously marked out and adjoining the digging trench. 
All vegetation should be cleared from this strip, so that the 
turves may be piled easily and exposed thoroughly to the air. 
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iii. Lay-ing out Roads. 

The turves must either be dried on land adjoining the bog 
or on the bog itself, and then removed. In both cases, roads 
are necessary, which should be made on the driest part of the 
bog, be as permanent as possible and cross the drains only 
when this is unavoidable, in order to avoid the expense of 
bridges. Eoads should be made of fascines and sifted gravel 
whenever they traverse wet ground. If the turves are removed 
in wheelbarrows from the digging-trench to the drying-ground, 
only a narrow pathway is required. 

iv. Removal of Wood. 

On many bogs a certain number of trees are growing 
(mountain or Scots pine, alder, birch, etc.), and their usually 
spreading roots often interfere considerably with the digging. 
These trees should be felled a year before the turves are dug, 
and their main roots extracted. 


V. Mamgemmf of Labour. 

Labourers employed in digging turves should be divided 
into parties, as in the case of forest work. According to the 
methods employed for digging and drying the turves, three, 
four or even more workmen form a party. The digging- 
ground is then sub-divided into as many sections as there are 
parties of labourers, provided a certain length is not exceeded, 
in North Germany usually 2 or 3 yards (meters), and in South 
Germany 4 or more yards, per man. These measured lengths 
are staked out, numbered and distributed among the parties. 

(b) Digging the Turves. 

i. Reason. 

It has been stated already that peat is damaged by frost, and 
this is the case both with uncut peat and turves. One or two 
degrees below freezing-point is sufficient to do the damage. 
Frozen turves do not shrink after thawing, but dry the same 

3 r 2 
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size as when frozen ; they are, therefore, very porous, form 
inferior fuel, and crumble easily. Digging turves should not 
therefore commence until there is no longer danger from late 
frosts. 

Although it may appear profitable to dig turves during dry 
spring weather, yet experience proves that a single late frost 
will damage the turves, so as to nullify all the advantage of 
early work. In countries, therefore, with a mild climate, 
digging turves should be commenced about the beginning of 
May, in mountainous and northern countries, from the middle 
to the end of May. The work should stop early enough to 
allow the turves to dry thoroughly. This depends also on the 
local climate and especially on the humidity of the air. 
Digging turves generally terminates about the end of August, 
if the turves are dried out of doors. When they are dried 
artificially, the work may continue for a longer period. 


ii. Size of the Turves. 

The size of the turves depends on the compactness of the 
peat and the time required for drying them. The lighter and 
looser the peat, the better it holds together during digging 
and drying, the more quickly can the turves be dried and the 
larger they may be. In the case of black, amorphous peat, 
the turves are smaller tl)an with brown peat. 


iii. Implmenis. 

All the implements used for digging turves are modifications 
of the garden spade. 

The Frisian spade (Fig. 389) is used for digging vertically ; 
the spades (Figs. 390, 891) are used for digging horizontally ; 
they have short handles, but very sharp and perfectly flat 
blades. The peat-spade (Fig. 390) is in common use. Fig. 891 
is a two-bladed spade with one blade at right angles to the 
other, in order to loosen the turves on both sides at once ; it 
is used in the Khine provinces. Fig. 392 is a spade used for 
vertical digging in Upper Bavaria, the tutves being cut on all 
sides with it. Fig. 393 represents a spade used in North 
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Bast Germany to remove the useless superficial turf and sods 
of earth. A three-pronged fork resembling an ordinary dung- 



Fig. 389. 
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fork is used generally for putting the turves into barrows or 
carts for transport. 

iv. Turves. 

There are two methods of digging turves, termed respectively 
the horizontal and vertical methods. The former method is 
almost universally employed in North Germany, and is common 
in the Rhenish Provinces and South Germany. The vertical 
method is practised in some Upper Bavarian bogs and in the 
Baltic provinces. In the horizontal method, a workman 
beginning at the top edge of the wall of peat, cuts the vertical 
lines of a turf with the Frisian spade, whilst another workman 
standing in the trench, cuts the turf horizontally and sideways 
from the bank of peat. 

In the vertical method, the workman standing on the top 
of the bank of peat cuts each turf free by one vertical or 
slightly oblique stroke of the spade (Fig. 391) and tears it off 
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from below, raising it with the same spade on to the bank of 
turf. As by this method the turf is broken off above and 
below, it has not a regular cubical shape; control is thus 
rendered more difficult, while there is more refuse from 
crumbling than in the horizontal method. At the same time 
the vertical method is less laborious and cheaper than the 
other. According to the skill of the workmen and the diffi- 
culty of cutting the peat, with horizontal cutting, 3,000 to 
5,000 turves may be cut in a day, and with vertical cutting 
under favourable circumstances 6,000 to 7,000 turves. The 
vertical method is obligatory whenever the bog is insufficiently 
drained. 

Befor^eginning to cut the turves the topmost layer of soil 
must be dug up in sods, as long or double the length of the 
turves, by means of the Frisian spade, or the spade shown in 
Fig. 393; these sods should be removed from the bog in 
wheelbarrows or carts. 

The methods of cutting turves also vary, in the case of 
either horizontal or vertical cutting, according as the peat- 
bank is cut in continuous or alternate strips. 

When the turves are cut in continuous strips, a commence- 
ment is made on the longer side of the area marked out for 
the year's cutting, and strip after strip of peat is removed until 
the work has been completed. In this case, the work going on 
continuously down to the bed of the bog, there is either a 
vertical bank of peat left, or this bank may be in steps and the 
work proceed by cutting first from the top-most step, then 
from the second step, and so on. In this case the turves are 
removed from the bog as soon as they are cut, so as to leave 
room for the workmen to dig. 

When the turves are cut in alternate strips, they are 
stacked close to the cut, like a wall, the strip on which they 
stand being left uncut and a new strip commenced imme- 
diately beyond it. In this case also, a deep bog cannot be at 
once cut to its full depth, but the work must be done in two 
operations. As soon as the stacked turves are dry and have 
been removed, the work of cutting the intermediate strips is 
undertaken. 

Cutting in alternate strips is cheaper than in continuous 
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strips, as a separate labour force is not then required for 
removing the turves to the drying-ground ; this method is 
also especially applicable when the bog is wet or insufficiently 
drained, also when it is superficial and can be cut in one 
operation. It has, however, the disadvantage that the turves 
are all from the same level and is not advisable for deep bogs. 


V, Obstacles to Gutting. 

Besides the water, which may prevent the cutting going 
down to the bed of the bog, various foreign bodies are im- 
bedded in the peat, forming so many obstacles to tbe digging ; 
among these are stones, beds of sand or marl, roots and stems 
of trees, etc. Stones are frequently found in moi»8SGS and 
fens; besides interrupting the cutting they injure the imple- 
ments. Layers of sand and marl often cause temporary 
flooding and must be cut through to let the water pass. 
Imbedded roots and stumps of trees are often serious obstacles 
in high peat-bogs. When these are stumps of resinous 
conifers, they are usually quite undecomposed* and must be 
remoYed completely. Large quantities of peat are sometimes 
wasted owing to the presence of stumps and long side-roots. 
Superficial roots of hirch, alders, etc., in the upper layers of a 
bog are not so prejudicial, as they are generally rotten and 
can be severed with a spade. 

Machines have recently been constructed, to replace manual 
labour in cutting turves ; one invented by Browowsky 1 is used 
in North Germany, and outs turves 8 to 0 yards long and 
2i X 2! feet in section, even from undramed bogs. ese 
large turves are then cut into smaller sizes by manua a 


(c) Drying the Turves. 

As much care should he taken in drying as in digg^ 
turves, for their value as fuel depends greatly ® J 

ness with which they are dried. The air dries the mtenor of 

• In the UnUstuhl bog, near foiscrslauteui, of sii,„ip. 

liine-stumps separatcU by i«t, that yioW muu>\\s 28,000 cubic 
woo(\. They are converted into tar. ^ ^ 

t Hausding, “ Indust. Torfgewinnnng,” p. 2n., 
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turves better than solar heat, which quickly hardens their 
surface but leaves them still wet internally. Turves may be 
dried either out of doors, or under cover. 

i. Drying Turves out of Doors, 

The drying-ground is either on the bog itself, or on an 
adjoining plot when the latter is too wet; as already stated, it 
should be prepared before digging the peat. The turves are 
stacked in various ways, according to the space available for 



Fig. 391. Fig. 395. 

Methods of piling turyes. 


drying them, their comparative wetness and rate of drying, 
and the available labour-force ; in order to dry them properly, 
however, they should always be turned over several times. 

As soon as they are cut, the turves are removed usually by 
the workmen, either in wheelbarrows, or by the men forming 
a chain and passing them from hand to hand. They are then 
placed singly and on their edge, like bricks, at short intervals, 
or piled in little stacks of five turves each (Fig. 394) ; or as 
in Fig. 395 round a stake, up to a height of 3 to 4|- feet, a 
method usual in Swabia and around Lake Constance ; or, as 
in some parts of Austria, stakes are driven into the ground 
with 9 or 10 pointed transverse sticks attached crosswise to 
their ends, on which the turves are impaled. After a pre- 
liminary drying, the turves are turned over once or several 
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times, the lowest ones being brought to the top of the stack, 
and vic^ vena. 

As explained already, when space is limited, the turves are 
dried first on the top of the bank of peat, which is cut in 
alternate strips. It is evident that the turves when stacked 
for drying do not dry so quickly or thoroughly as when placed 
singly on the ground. The lower turves must therefore be 
further dried on the drying-ground, and for this purpose may 
he placed in circular rings of 5 or 6 turves on the ground, 
over which 4, 6 or 8 rings are placed, the space between two 
turves in a lower ring being covered by a turf in the ring 
above it. 

When the turves are dried thoroughly — for which 4, 6 or 10 
weeks are required, according to the weather, mode of drying 
and quality of the peat— if they are to be at once sold and 
removed, they are piled in the usual rectangular or conical 
sale-stacks, each containing 1,000 turves, or else in stacks 
similar to those used for firewood. 

ii. Drying under Cover. 

Sheds for drying turves are similar to those used for bricks, 
being very long and narrow and formed of laths, which are 
covered with a light roof, and in which the turves are stacked 
one above the other. These sheds offer the great advantage 
that the drying process is independent of the weather, but 
they are too expensive for general usp, 

Drying, however, is conducted in sheds, much more rapidly 
and thoroughly than in the open air, observations at Waid- 
moos having shown, that in four weeks, turves thus dried 
lost about 20 per cent, more moisture than in the open. 


iii. Shrinkage. 

From 70 to 90 per cent, of the weight of freshly-cut turves 
is water ; most of this is lost in drying, but air- dried turves 
still contain 26 to 30 per cent. o£ water. In passing to the 
air-dried condition, turves shrink considerably, the more so 
the better their quality. 

Some peats lose 70 to 75 per cent, of their volume by 
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shrinkage, so that a volume of 100 cubic feet of wet peat 
becomes only 25 to 30 cubic feet when dried, i'ibrous peat, on 
the other hand, does not shrink much, but loses much more in 
weight than good peat, weighing frequently only one-fifth, or 
even less, of its weight when freshly cut. 

(d) Storage of Turves. — The turves cannot always be sold 
and removed at once, but sometimes must be stored through the 
winter. This is done either in the open, or in covered stacks. 

The cheapest method is to pile the turves in stacks, either 
conical or prismatic, and sloping at the top. Turves which 
are not thoroughly dried, may, however, be spoiled in this 
way. The stacks should be erected in a dry and somewhat 
elevated place and piled carefully. 

The turves are protected from damage much better when the 
stacks are thatched. Straw, reeds, spruce-branches or bracken 
will serve the purpose; better still, a light plank roof 
supported by four posts may be erected with a slope towards 
the rainy quarter, or the turves may be placed as follows— in 
the centre of a cleared space a strong stake is driven vertically 
into the ground, and billets placed radiating in a circle from 
the stake (as in the base of an Alpine charcoal-kiln) and 
covered with planks ; the turves are then piled on this floor in 
a truncated cone thatched with straw. From these thatched 
stacks the turves can he taken during winter according to 
requirements, this can he done from uncovered stacks only at 
the risk of spoiling them. 

Whenever the value of turves is sufficiently high, it is best 
to store them in sheds, which should have their greatest 
length perpendicular to the direction of the prevalent wind, 
and be lightly built of planks or laths, so that the wind 
may blow through them, the rain being kept out by a roof. 


2. Moulded Peat. 

Some peat is not sufficiently compact to be cut into turves, 
but must be moulded. This is the case with bogs containing 
much imbedded wood, or so dry that the peat crumbles into 
dust, or so wet that the peat must be dredged ; also where the 
peat is only ordinarily moist, but cannot be cut into turves 
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owing to the presence of numerous undecomposed roots. In 
ordinary peat-bogs, however, where turves are cut, there is 
always a large percentage o! waste peat resulting from the 
digging, drying or transport of the turves, which can be 
utilized only by moulding it. This waste frequently amounts 
to a fifth or a quarter of the annual yield of peat, so that some 
turf should be moulded in every moor, and not only where 
all the peat is moulded. 

The different works in question are— preparing the peat, 
and moulding and drying the turves, 

(a) Preparing the Peat— Peat which is to be moulded 
should form a homogeneous mass, containing a suitable 
amount of water, and capable of being kneaded. If the peat 
is naturally powdery and dry, it should be mixed with water in 
a pit, or in a wooden bin with holes in its base ; if it is muddy 
peat with a superfluity of water, it must be dredged out of the 
bog with a hollow shovel or in a purse-net, and poured into 
the bin or on straw laid on the ground, so that the super- 
fluous water may drain away. In whatever way it is collected, 
the mixed peat and water must now be thoroughly kneaded 
and worked together until they form a fairly homogeneous mass. 
This is generally done by men trampling on it with bare feet 
or with flat clogs, less frequently with the help of hoe or spade. 

'When the peat is of the ordinary consistency and moisture, 
the workmen place planks in ihe trench in front of the bank 
of peat, and cut the peat away from the bank with a sharp 
cutting mattock, letting it fall on the planks, and watering it 
sufficiently by means of wooden buckets. In Holland and 
several places in North Germany (especially Hanover), the 
peat-pulp is left alone to dry for a few days, and then again 
'kneaded. In South Germany, it is moulded while still very 
wet, the second operation being omitted. 

(b) Moulding tlie Turves.— The turves should be moulded 
at a place close to where the peat has been dried. If this is at 
any great distance from the bank of peat, the peat-pulp is 
removed in baskets or bins which are placed on wheelbarrows ; 
it is then thrown on to straw or planks, and is either cut or 
moulded into shape, the moulds containing several compart- 
ments or being similar to those used for brickmaking, 
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Peat-pulp is cut iuto shape in Holland, Friesland or 
Hanover, being spread out in layers, often half an acre in 
extent, and beaten flat with flat wooden shoes, planks or 
shovels. The pulp is allowed to lie for several days, and when 
sufficiently dry and consolidated it is cut with sabre-like 
blades, or sharp spades, in parallel strips as broad as the 
turves are long. After a few more days’ exposure, these strips 
are cut into turves. 

When on account of its watery -condition, the peat-pulp is 
collected in perforated bins, in which it is worked up, it is 
moulded into turves by means of wooden frames without 
bases ; these are placed on the ground or on a bench, and the 
pulp poured into them. Its surface is levelled by means of a 
board which is also pressed down on the pulp in the frame to 
expel the water. 

Moulds of several compartments are composed of rect- 
angular wooden frames open above and below, and divided 
into 16 , 28 , 36 or more compartments, each the size of a turf. 
A mould is then placed on a bench, or on a substratum of 
straw, reeds, etc. ; the peat-pulp is poured into its compart- 
ments with a shovel, pressed down, and the mould is then 
removed. In order that the turves may not stick to the sides 
of the compartments, they are lined with tin, or their bases 
are somewhat wider than their tops. 

Simple moulds resembling those used in briekraaking are 
used by a workman standing before a bench, often made of 
cast-iron, on which the mould is placed. The mould is of 
wood, open at top and base, its interior the size of a turf and 
generally lined with tin. The workman from a heap of peat- 
pulp on his bencli, takes sufficient with both hands to fill the 
mould, strikes off the superflous peat with a board, the size of 
the base of the mould ; he then places the board over the 
mould, turns the latter over, raises it and leaves the turf 
resting on the board. A second workman takes the board 
and turf to the drying-ground, and brings back the board. In 
the meantime the former workman continues to make turves 
with the mould and other boards. 

Experience shows that a simple mould is at least as 
expeditious as a multiple one, a man, with a boy to remove the 
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turves, preparing 1,000 to 1,500 turves in a day. As, more- 
over, the peat-pulp passes again through the workman’s hand, 
and all foreign matter can thus be removed, the turves in that 
case are more uniform and free from extraneous matter, and 
as the peat is not poured but pressed into the mould, the 
turves are denser than in the former method. 

(c) Drying Moulded Turves.— Moulded turves must be 
dried more gradually and carefully than those that are cut 
directly from the bog. When peat-pulp is cut, the turves are 
left to dry for a few days, and then turned on to their narrow 
sides ; then they are piled generally in superposed rings (as 
described above, p. 808) . They must be turned again once or 
twice, according to the state of the weather and are stacked 
when completely dried. Moulded turves generally dry more 
quickly than cut turves, especially when they are moulded 
like bricks and dried like ordinary turves. 

When the peat is very watery and moulds of several com- 
partments used, it is better, after the preliminary drying on 
the ground (which is not required for brick-moulded turves) to 
place the turves under cover, as they cannot withstand pro- 
longed rain. Turves made in multiple moulds may be 
destroyed entirely by rain, so that this method can be adopted 
only in fine weather. 

(d) Quality. — Moulded turves afford a better fuel generally 
than cut turves, in ratios of 5 : 3 or 5 ; 4. This is due to 
their greater homogeneity, the removal of extraneous matter, 
greater density and the use of amorphous peat, which is often 
wasted when the turves are cut from the bog. 

3. Manufactured Peat.^ 

Manufactured peat is so prepared as to be capable of 
competing with other fuels in the market. 

Turves cut from bogs or moulded by hand will not bear 
distant transport, firstly, on account of their large volume 
compared with their value as fuel, and secondly, on account 
of their brittleness and property of absorbing much moisture 

• Aa intereating account of peat maunfactured at Schussenried in Wartem- 
l>erg, ia given in “ Baur’s Ceutralblatt,” p. B8. 
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in damp air and of falling to pieces when frozen. These 
turves are, therefore, saleable only in the immediate neigh- 
bourhood of the bog ; the price obtained for them, being low, 
does not encoui’age an extensive working of the bog. Owing to 
the high price of fuel which prevailed a few decades ago, the large 
demands for industrial purposes and the extensive supplies of 
peat available in certain districts, the question arose as to 
whether peat might not be so improved by machinery as to 
yield a fuel approaching coal in value. Owing to the subse- 
quent depression in the price of fuel, the demand for manu- 
factured peat has somewhat abated, but the industry is still 
carried on in many places. 

In order that manufactured peat may compete with coal and 
wood, it must be utilizahle for heating boilers, preparing gas 
and paraffin, in metallurgy, etc., and should fulfil the 
following conditions : — 

Density.— The turves must not merely be dense super- 
ficially, nor so dense at the surface that the air cannot reach 
their interior, but be uniformly dense throughout. 

Compactness. — The turves must be compact enough not 
only to retain their shape during transport, but also while 
being burned. 

High combustible power. — During manufacture, the most 
combustible parts of the peat must be carefully preserved, 
especially the amorphous peat. 

Dryness. — The peat must be dried thoroughly, not only 
superficially, but also internally ; it should, as far as possible, 
lose its great hygroscopicity and not swell considerably when 
exposed to damp and thus become unserviceable. 

Quantity. — The manufacture must be so conducted as to 
yield large quantities of material and be independent of the 
weather. 

The cost of production, including that of supervision, must 
be sufficiently low to allow the material to compete with other 
combustibles. 

The following methods have been undertaken to secure the 
above conditions: — contraction, dry pressure, wet pressure 
and destruction of structure, with or without pressure. 

All these methods are, however, too costly to repay the 
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expense unless the price of fuel is as high as during the 
’forties of this century. Several of these methods have fallen 
into disuse, whilst others have been adopted. The former 
will, therefore, only be shortly considered, more attention 
being given to those still in vogue. 

(a) Contraction.— Challeton at Paris, and Pay at Neuchatel 
adopted the following method of increasing the density of 
peat. The turves were cut from a hog, brought to the factory 
and then cut to pieces by a system of rollers with blades fixed 
on them ; the material was then treated with running water 
so as to form a thin pulp, which ran over fine sieves in order 
to remove all coarse fibres. This fine pulp is then led in 
canals to a trench one to two feet deep, the bottom of which is 
covered with reeds or rushes. In this trench the pulp sets 
firmly, the water draining off through the reeds, and after a 
few days it can bo cut into turves by means of a wooden 
lattice-frame as broad as the trench, which is pressed down on 
the peat. 

The specific weight of Challeton’s peat, according to Schenk, 
1*1 to 1*2, and to Dullo 1*8, is equal to that of coal. But it 
is not suitable for fuel, as it burns like charcoal, without any 
flame, the turves also fall to pieces in the fire and block up 
the grate. 

{h) Dry pressure. — In ibis case the peat is subdivided as 
finely as possible, thoroughly dried and pressed into turves. 
The experiments of Exter made a few years ago at Haspel- 
moor, near Munich, and some other places, give the best 
known results of this method. The bog was superficially 
plouglied by a steam-plough. All the refuse peat was finely 
subdivided, dried and conveyed to the factory. It was then 
sifted and thoroughly dried in a specially designed hot-air 
chamber, which it left with only 10 per cent, of moisture, and 
was then converted into turves by a powerful press. 

This product, however, did not answer the purpose intended, 
as it fell into dust while burning, and was scarcely superior, 
as fuel, to the best ordinary turves. 

(c) Wet pressure. — Owing to the obvious advantage resu t 
ing from pressing the wet peat, and thus increasing its density, 
and at the same time its compactness, more attempts have 



816 


DIGGING AND PREPARATION OP PEAT. 


been made in this direction than in any other. No attempt, 
however, to press raw peat has succeeded, partly on account of 
the fibrous nature of the peat, which caused it to swell again ' 
after the pressure had been removed, and partly because the 
valuable humus-carbon escaped with the water, and thus the 
product deteriorated as a combustible. Other kinds of pressed 
turves were too dense externally, and their interior either did 
not bum well or else retained too much moisture. 

(d) Destruction of the Structure of the Peat, with or 
without Pressure. — It is now everywhere recognised that 
the structure of the peat must be destroyed before the turves 
are formed, and that, only a moderate pressure, if any at all, 
is advisable. The apparatus of Schlickeysen and Geysser, 
Gratjahn and Pelau, Mecke and Sander, Weber and Maffei, 
are those best known for this method. 

(i.) Method of Sehlickeysen* and Geysser. — A vertical axle 
is moveable by steam-power in a vertical, hollow, cast-iron 
vessel, with a funnel-shaped top. On the axle are six sharp 
horizontal knives, fitted to it like the thread of a screw, while 
six corresponding knives are on the walls of the vessel. There 
is also a moveable base, which is attached to the axle and rests 
on the real base of the vessel, and immediately above it are 
two holes on opposite sides of the vessel through which the 
prepared peat passes. The peat placed in the vessel while 
the axle is in motion is cut into shreds by the knives, which 
also cut through all pieces of roots ; it is at the same time 
pressed slightly downwards by their screw-like action, and 
finally passes out through the holes in a round rope-like mass 
of stiff paste. This runs out continually on to a bench, and is 
cut into pieces and dried. 

Although no water is added to that originally in the peat, 
the latter is quite plastic. The fresh turves are moderately 
dense ; though covered superficially with a smooth gelatinous 
coating they are yet capable of being dried easily and 
thoroughly. There is no loss of humous-carbon, which during 
the macerating process becomes attached to the walls of the 
vessel and issues from it as a glazed coating to the turf. In 
twelve hours, 15,000 turves, each a foot long, can be cut from 
* Leo, “ Die Kompressiou des Torfes,” 
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each side of the vessel, and in favourable* weather they dry 
rapidly with a considerable shrinkage. This turf can be used 
tot only as ordinary fuel, but also in the manufacture of glass 
and porcelain, it must then be dried in kilns. Gysser has 
invented hand-machines of a similar description to the above, 
as represented in Figs. 396 and 397, and capable of turning 
out 2,600 to 3,000 turves in a day. These hand-machines 
have the advantage over that of Schlickeyscn, of saving the 
transport of the wet peat, besides saving fuel, and can be 




Fig. 396 .— Gysser’s machine for 
pressing peat. 

worked on the bog; at the same time, they are not applicable 
in the case of very fibrous peat, or where there are many roots, 
Gysser dried the peat in an excellent manner in portable 
drying sheds, consisting of frames like hurdles placed one 
above the other, and covered with a roof. 

(ii.) Method of Grotjahn-Peau.— Figs. 398 and 399 show 
the machinery constructed by G. Krauss & Co., of Munich. 

The elevator u h (Fig. 398) raises the irregularly shaped 
pieces of peat to b, where they fall into a bin c, and 
into the horizontal macerating machine, the interior o w' ic 
is shown in Fig. 399. This is of somewhat similar construc- 
tion to Schlickeysen’s vessel containing a moveable^ axle wit 


Fig. 397.— Section 
of Fig. 39G. 



818 


DIGGING AND PREPAEATION OF PEAT. 


revolving knives. * The peat is thus finely suMivided, uni- 
formly mixed together, and finally issues through the orifice h 



Fig. 399.— Cutting cylinder of Grotjahn’s machine. 

(Pig. 899) , on to a plank d c, which is pushed forward on rollers. 
A workman stands at the orifice of the machine and cuts the 
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issuing part into turves with a sharp instrument. The elevator 
and macerating cylinder are driven by a locomobile m, and they 
both stand on a frame A which can be moved by means 
of small wheels along a tramway as the digging-ground 
advances. The plank d is taken with the turves on it to 
the drying-ground, and turned over carefully, and then 
brought back to the machine. This mode of preparing 
turves has been employed extensively, both in North and 
South Germany. 

(iii.) Mecke and Sanders, of Oldenburg, have constructed 
a machine consisting of a long steel girder (30 metres) A B 



(Fig. 400) resting on a car W and a wheel y which run on rails 
or boards parallel to the peat-cutting C, and placed at a proper 
distance from it. a a is the machine for cutting the peat, and 
can be placed higher or lower, according to the depth of the 
cutting. It is self-regulating to avoid impediments in the 
peat, roots, etc., and cuts the peat with the saw teeth of 
a dredger, in thin vertical strips. The turf is elevated by an 
endless chain, attached to the dredging sections, into the 
mixing apparatus b. The latter is an iron cylinder containing 
two rotating axles provided with a projecting screw, which 
mix up uniformly all the turf coming from different depths 
and press the homogeneous peaty paste through a wide open- 
ing on to the distributing apparatus c c c. The distributing 
apparatus consists of a chain stretched over two rollers, m n, 

3 G 2 
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and bearing successive flat pieces of wood, 20 inches long and 
6 inches broad, through which passes a slowly moving flat chain 
supported by rollers. This chain takes up the peat-paste, and a 
car {d)f like a snow-plough, throws it down uniformly on to the 
drying platform x y. The drying platform is made of sods of 
grass well-levelled and serves as a filter by absorbing the 
water from the paste, so that the latter dries rapidly (even in 
rainy weather in 24 hours). The paste is pressed flat by 
the workmen with planks on their feet, and cut up into 
turves. 

The machinery is driven by steam-power, and 100,000 turves 
are prepared daily on a peat-moor at Oldenburg, Rain is no 
impediment. 

(iv.) The "Weher-Mattei method is employed at Staltach in 
South Bavaria. This long-approved method macerates the peat, 
mixes it uniformly, but forms it into turves by hand. The 
peat dug from the moor is conveyed to the factory in waggons. 
It is then raised by elevators on to a platform and thrown 
into the macerating machine, which is an improvement on 
Schlickey sen’s machine. At Staltach, it consists of four long 
buildings forming a square, three of which are the air-drying 
sheds and the fourth a hot-drying shed. The air-drying shed 
is made of posts supporting a strong roof and provided with a 
succession of horizontal trays 18 inches apart, A tramway 
passes through the middle of the sheds, by which the peat 
paste is brought in. The workman places a plank on the 
lowest tray, presses on it a mould of 7 cells, kneads in the 
paste, lifts up the mould and places it close to the 7 turves, 
and continues to make turves till the first plank is covered 
with them. Then he proceeds in a similar way with the next 
tray, and so on till the shed is full. After the turves have 
remained 3 or 4 days under cover they acquire a consistency 
like leather, but are still porous enough to part with their 
interior moisture. They are turned over, placed on their ends 
and dried gradually till they contain only 25 per cent, of water, 
being then suitable for fuel. If they are to be charred, the 
air-dried turves are placed for some time in the hot drying-shed 
and lose another 15 per cent, of water. 

(v.) Eichorn’e Method differs from the preceding ones, 
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and is employed at Aibling, near Bosenheim ; the product is in 
balls. The macerated peat is mixed gradually by a horizontal 
cylinder with an archimidean screw. The balls of peat 
descend by a slide to the drying-chamber, which contains a 
number of heated tubes, down which the balls descend on 
spirals. 

Some progress has certainly been made in the quality of 
machine-made turf. Hausding* states that, air-dried machine- 
turf, with at most 10 per cent, of ash, has |rd8 the heating 
power of superior coal, so that one cwt. of machine-turf is 
equivalent to | to | cwt. of coal, whilst ordinary turves are 
equivalent to only J to J cwt. of coal. 

It may here be noted that several attempts also have been 
made to carbonise peat and produce peat-charcoal in order to 
increase its market value as a fuel. 


4. PeaULitter.^ 


Peat is not used for many other purposes besides fuel. Its 
use, however, for stable litter is increasing in importance, and 
is especially noticeable here, as there is a hope that by this 
means the disastrous use of forest litter may be stopped. 

Peat forms a much better stable litter than either forest litter 
or straw, for it is^ 3 to 5 times as absorptive of fluids as the 
latter, and thus prevents any waste of animal manure, either 
in the form of urine or ammonia. The humic acid in peat 
also acta beneficially on the salts, alkalis and alkaline earths 
of the soil. Peat also improves the soil physically more than 
other litter, retaining moisture in loose soil, loosening binding 
soil and especially in promoting porosity. Its capacity for 


* Op. int, p. 720. 

t Vide Dr. Fiiret, “ Die Toifstreu,” 1892 ; also bavarian “ Torfsbrcu 
Mullwerk," Haspelmoor. Mendle, “ Die Torfstreu," 1882. 

t According to experiments made by Wollny, Classen and Fetermann, the 
following are the absorptive capacities of different substances. 


Spruce-needles ... 
Scots pine needles 
Oak dead leaves 
Beech „ 
Wood-wool 
Bye straw 


Percentage of 
Weight. 
161 
207 
212 
257 

285 to 440 
304 


Moss 

Spruce saw-dnst _ ... 
Haspelmoor peatditter 
Oldenburg peat 
Haspelmoor prepared 
peat-meal 


Teicentage of 
Weight. 
409 
440 
636 
659 

690 
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beating the soil has been shown clearly in vineyards. The air 
in stables in which peat-litter is used is free from ammonia 
and is thus made healthy ; the beasts have a dry, soft bedding, 
the litter is also preferable to other kinds for horses, cattle, 
sheep, pigs or poultry. Peat also is used in the dry-earth closet 
system. Only loose-textured, mossy or fibrous peat, forming 
the superficial layer of bogs, is used for litter. In some bogs 
layers of the fibrous peat and amorphous black peat alternate ; 
preparation of peat for fuel and litter should then proceed 



Fig, 401. — Mill for tearing Fig. 402, —Mill for preparing 

up peat. peat-litter. 


simultaneously. The peat should be dried and then finely 
subdivide d in a peat-mill (Fig. 401) and pressed into a rectan- 
gular bales weighing 2 to 3 cwt. each. [Such bales of peat- 
litter are now imported largely from Holland into London, for 
omnibus and tramway stables. — Tr.] 

Machines have been constructed for subdividing peat, the 
commonest of which are represented in Figs. 401, 402, the latter 
being termed the peat-mill. The subdivided peat falls from the 
machines on to a wire sieve, which separates the powdery from 
the fibrous peat. The former is used in dry-earth closets. In 


OTHER USES OP PEAT. 


8^3 


order to preserve the hales during transport, pieces of undivided 
peat and laths are placed along their edges. About 70 or 80 
bales can be carried by an ordinary railway truck. 

Peat-oharooal* is prepared by charring peat in retorts, or 
kilns. This product resembles lignite in heating-power. 
When prepared at Christianat by electricity, in retorts, it con- 
tains 79 per cent, of carbon. 

Dry distillation of peatj yields : charcoal 33 to 35 per cent, 
tar 4 to 5 per cent., tar- water 38 to 42 per cent., gas 25 to 28 
per cent. : from the tar, creosote and paraffin are made ; from 
tar- water, methyl-alcohol, ammonium sulphate and acetic acid. 
Only peat dried to 25 per cent, of water is utilizable. 

Artificial wood made of peat is referred to (p. 525) . In 
“ Dingler’s Polytechnical Journal,” 1901, a report is made of 
briquets of peat with only 1 to 3 per cent, of ash, and as valu- 
able as lignite. 

* Miiller, “ Die Torfvevkohluiig,” 1874. Ekelund, “ Dio Hci-stellung kompri- 
micrtcr Kohle aus Urennlorf,” 1892. 

t “ Neue forstUche Blatter,” 1902. 

t ‘ Bersch, “ Die Verwertung des Turfcs.” •' Neue forstliche Blatter ” 1902. 
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CHAPTER Y. 

LESS IMPORTANT MINOR PRODUCE. 

The most important items of minor produce have been dealt 
with in the preceding chapters, but there are various other 
products of the forest soil, which are more or less useful. 
Most of these are leased by area, either of the whole forest or 
certain parts of it; permission is given to collect others 
gratis. Not unfrequently, however, it should first be decided 
whether utilization will be injurious to the game in the forest, 
for permission given to persons to wander all over a forest in 
search of petty products may give rise often to irregularities. 
The following items of produce will be referred to : — 

Grass-seeds, Mosses. Edible Emits. 

Herbage for various Edible Fungi. Other Products, 

Industrial Purposes. 

1. Grass-seeds* 

The frequently abundant growth of grass on dear-cuttings, 
forest-roads and other places has been described already, 
nearly all the species of grass occurring that are found in 
pastures. ■ As meadow-grasses are cut for hay when in full 
blossom, meadows do not afford grass-seed ; but in forests, 
grasses may be allowed to ripen their fruit and thus afford a 
useful agricultural product. The collection of grass-seeds is at 
present in many forests a matter of importance, employs many 
people and yields a fair revenue. 

The species, which, as good meadow-grasses, are chiefly 
in demand for seed, may be classified as gregarious, light- 


• G. Rothe, “ Sameln der Graagamen in den Waldungen,” Stuttgart, 1875. 
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demancliiig or shade-bearing grasses, aud are included in the 
following list 

Gregarious Grasses. 


Fiorin-grass 


Bent-grass . 
Meadow foxtail . 
Upright brome . 
Meadow fescue . 


Yorkshire fog 
Perennial rye-grass 
Italian rye-grass'^ 

Meadow poa 
Timothy-grass . 


Agrostis alba, L. ; var. 
stoloniforaf L. 

Agrostis alba, L, ; var. vul- 
gariSf With. 

Agrostis canina, L. 
Alopecurus p'atensis, L. 
Bromus erechis, Huds. 
Festuca elatior, L. : var. 

arundmaeea^ Schreb. 
Festuca elatior^ L. : var. 

pratensis, Huds. 

Festuca riihra, L. 

Holcus lanatuSf L. 

Loliim perenne, L. 

„ 5 ) * 

italicum, A. Br. 

Poa pratensis, L. 

, Phleum p}ratense, L. 
etc., etc. 


Light-demayuling Grasses. 


Grey aira . 

Yellow oat-grass . 
Perennial oat-grass 

»> n • • 

Common quake-grass . 
Field brome 

Crested dog’s-tail grass 


Aira canescenSi L. 

Arena flavescens, L. 

Arena pratensis, L. 

,, M : var. 

puhescens, Huds. 

Briza media, L. 

Bromus arvensis, L. : var. 
mollis, L. 

Cynosunis cnstatus, L. 
etc., etc. 


• A variety probably m«d by cultivatioa from Britisb grasa-soed, but now 

much impoi't^jd from the Contiuetit. Bentham k Hooker. 
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Shade-hearing Grasses. 


Vernal grass 
Tufted aira . 
Wavy aira . 

Tall brome . 
Sheep’s fescue 
Reed fescue . 

Soft holcus . 
Spreading milium 
Wood poa . 


. A7ithoxanthum odorahmf L, 
. Aira ccespitosaj L, 

. Aira Jiexiiosa, L. 

. Bi'omus gigariteus, L. 

. Fe.stuca ovina, L. 

, Fesiuca sylvatka^ Vill. 

. IIolciis mollis, L. 

. Milium effusum, L. 

. Poa nenioralis, L. 
etc., etc. 


When the seed is ripe (which for most grasses is in the latter 
half of June or July, and for others, in August and September) 
the collectors walk in lines through extensive grassy areas, grasp 
a handful of spikelets, cut them otf and place them in a bag 
slung ill front, which is emptied from time to time on to a large 
cloth spread out on the nearest road. The spikelets are then 
put into sacks for removal and again spread out in sunny places 
to dry, threshed and sifted. The chief points are to collect only 
one species at a time and avoid entirely seed of bad species ; in 
his own interest the forest- owner should pay attention to this. 

The revenue from the collection of grass-seed is sometimes 
considerable. In the State forests of the Grand Duchy of Hesse 
the revenues thus obtained in 18711 and 1874 were respectively 
.T634 and £494. This covered from one quarter to one-sixth 
of the cost of re-stocking the annual felling-areas. In 1878 
50 acres of felling-area in the Forest of Stockstadt, near 
Aschaffenhiirg, were leased for this purpose in one year for £31. 
Forstmeister Urich, at Biiddingen, sows Poa nemoralis in beech 
felling-areas and on clear-cut areas, in order to produce a crop of 
valuable grass-seed. The seed of Milium effusum (common in 
Britain) is used as bird-seed. 


2. Herbage used for Various Purposes, 

Among herbage used for industrial purposes, other than those 
already described, Carex hnzoides chiefly deserves mention ; it 
is used instead of horsehair for stuffing furniture, etc. This 
sedge is found in Germany on the damp, rich, loamy soil of 
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somewhat open spruce forest, also in coppice and coppice-with- 
standards of ash, alder, aspen, etc., where it grows in tufts 
between the overshading coppice-shoots and thrives iu places 
sheltered from late frosts. The longer and softer the leaves, the 
more valuable the product. The sedge is lull-grown hy the 
end of June, and may be plucked from then till October ; it is 
dried partially by spreading it on sunny roads, and then brought 
in and twisted by means of simple machines into plaits. It is 
collected extensively in the Baden Rhine valley, where 5 cwt. of 
the^grasB per acre form a fair crop. The yield may, however, 
uniJer favourable conditions, amount to 9 or 10 cwt. per acre ; 
150 pounds of dry sedge yield Ri5 pounds of plaits, worth 
48. to 6s. per cwt. 

In the Grand Duchy of Baden at least 2,000 tons of sedge 
(worth over £12,500) are collected annually. In 1872, the town 
of Priburg obtained £1,287 for sedge removed from its forest; 
and other towns, £712 and £840. In 1873, several communes 
in Baden obtained 308. to 60s. per acre for the sedge. More 
recently the demand has somewhat lessened, owing to the sub- 
stitution of Crin (V A frupie (filaments from a palm, ChauKeropH 
Immilis) as stuffing for furniture, also of cotton from species of 
Bombax (India). 

A grass {Agvostis ccespitosa) growing in damp forests and 
usually mature in September, is also used as stuffing material. 

A loose, spongy tissue is used Under the name of wood-wool, 
that is said to be prepared from pine needles and served as a 
substitute for cotton and sea-grass. The material sent to Mayr 
(prepared by boiling in water and weak alkaline solutions) is 
not made of pine needles, but of sea-grass ; for the mace- 
rated woody bundles are 10 to 25 c.m, long and woven witli 
very fine cotton-fibres into a soft greenish, or grey loose tissue ; 
the shorter pieces may be fibres from pine-needles. 

[The chair-factories at High Wycombe besides horsehair use 
Alva, as stuffing material ; * this product is the dried leaves of 

* [Communicated by Mr. Gleniater, High Wycombe, the plant being identified 
by Marshall-Wai-d. 

Mr. Isaacs of Mark Lane, states that alva is imported by the ton, iu prised 
bales, from Holland, France, and Germany, at prices varying 1d«. to 

per ton of 20 bales. It is mowe<l in the sea, as if dragged oiiMt is not cn-ly 
and springy or suitable for sbntting Chau’s, &c. Also used by ilonsts. ir.] 
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Zostera mmina belonging to the Nat. Order NaiadecR and termed 
grass-wrack by Hooker. It is abundant, at or below low-water 
mark around the British Isles, on sandy or muddy edges of 
the sea and is often thrown up in large quantities by the 
tide.— Tr.] 

Rushes are used chiefly as packing-material for bottles of 
superior wine, and for the seats of chairs. Share-grass 
{Eqidsetum) is used for polishing furniture, and is largely 
exported from Germany, to Greece, Turkey, and Hungary. 


2. Mosses. 

Polytrichum commune^ a moss often growing a foot high in 
wet places, is used for making brushes that are fashionable in 
France, the material chiefly coming from Germany. The 
moss is cut in the forest, tied in thin bundles and steeped like 
flax ; it is rolled on ribbed planks, again heated to render 
it pliable, and is then ready for use for weavers’ -brushes, 
scrubbing-brushes, carpet-brushes, etc. The roots of the 
common cro wherry {Empeinim nigrum. L.) and of Polytrickum 
commune and P. urnigenm also are used for brushes, velvet 
brushes being made from the latter in Rhenish Prussia. 

Tamarisk-moss {Hypnum tamariscinum) is largely used in 
the manufacture of artificial flowers, Hypnum splendens being 
less valuable. Tamarisk-moss is found chiefly in beech forests, 
and the other moss among conifers ; they are collected in 
summer, kept dry under cover, and during winter the separate 
fronds are cleaned, pressed between leaves of paper, sorted, 
dyed and packed.* Spbagnum-moss also is used for the 
transport of living plants. Mosses are gathered by hand, with 
or without permits. 

8. Edible Fungi. 

The truffle (Tuber melanospomm) is the most valuable of 
edible fungi ; it is found chiefly in oak, hornbeam, hazel, beech 
and ash forests, its mycelium being parasitic on the roots of 
the trees, a few centimeters underground, in damp, rich, 
calcareous soils of the warmer parts of France and Germany. 


DaDkelmann’a Zeitscbrift,’* iv., p. 159. 
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[Formerly it was fairly common in oak forests in the South of 
England, and is still found in Sussex and Hampshire, and 
"should be grown extensively in the south-west of Ireland.— Tr,] 
Other species of truffles, especially T. hiimatiim [astivum) 
and excaratum, etc., are less valuable. The importance of 
truffles may be gathered from the fact that 1,500 tons (worth 
£640, 000) are exported annually from France ; in the whole 
of Germany only about a ton (worth £350) is collected yearly. 

[In the forest of Bedoen, on Mount Yentoux, truffles grow ex- 
tensively on the roots of Quercus puhescens, their sale having 
produced £1,500 in 1897, the rate being 3s. to 9s. per lb. 

Tn Perigord, land formerly stocked with vineyards is now 
planted with young oaks for the cultivation of truffles, which 
grow as a inycorhiza on the oak roots. This is said to pay 
three to five times as well as vineyards. Whole villages are 
engaged in this industry, which has now gone beyond the 
experimental stage. The following recipe for their cultivation 
is given by de Lesparre in the Rev. des E. et F., 18th September, 
1898. Take a truffle and dry it thoroughly (in a drawer). 
When quite dry, it should be bruised into a pulpy paste with 
water between two pieces of ground glass. This paste should 
be spread with a paint brush, between July and January, on 
green leaves of the hazel or oak, which should then be placed 
in the ground. Eight or nine days later the spores germinate, 
and the mycelium of the truffle is produced. The soil should 
be calcareous and the climate suitable for the vine. In ^ 
years truffles will be produced and must be under the shade 

of trees.— Tr.] 

Among other edible forest fungi, Boletus ednhs, Morchdla 
sp. sp., Clavaria, Hydnum and Cnutharellus may be cite . e 
common mushroom {Agaricus deliciosus) grows rat er 
meadows than in forests. 


4. Edible Fruits. 

Cranberries and bilberries are the edible ^ , 

quently collected from forests. In many is j:ic s a 
children are engaged during the season m co ec ‘ 

berries, and a large trade is driven in ^ 

commercial houses in North Germany which deal with them 
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to the extent of ^5,000 and more yearly. The forests of the 
Fichtelgebirge, the Spessart, the Schwarzwarld, etc., yield 
large quantities of these berries. When fully ripe, large wooden* 
combs are used to strip off the berries into baskets. Only a 
small part of the produce is now used for brandy; it is chiefly 
made into wine, partly to convert white wine into red wine 
and partly as bilberry wine, which is sold at Frankfort-on- 
Maine and other places as a medicinal beverage ; it has also 
been sent in large quantities to the south of France to be mixed 
with grape- wine and sold as claret.* Bilberries may be also 
eaten fresh, cooked or dried. 

It is well known what enormous quantities of wild straw- 
berries, raspberries, elderberries, etc., are gathered annually. 
In the village of Frammersbach, in the Spessart, children 
yearly collect these berries to the value of £200, 

Mistletoe-berries are here and there collected for making 
bird-lime. [Branches of mistletoe for Christmas form a yearly 
article of trade from Normandy to London, whole steamer-loads 
arriving from the Norman apple-orchards. — Tr.] 

10. Other Items. 

Among the multifarious forest plants, which are used indus- 
trially or medicinally, may be mentioned : — Willow blossom, 
for apiculture ; orchid-bulbs, as salep ; spores of Kquisetim 
clavaiiim, for artificial lightning : roots of valerian and ber- 
berry (Berheris vulgaris) and flowers and fruits of a number of 
shrubs and herbs, Arnica, Atropa, Colchicum, etc., for medicine. 

The beetle Spanish-fly [Lytta vesicatoria) also is collected 
for sale in Hungary. 

[The items of minor forest produce exported from the Indian 
Forests, such as medicinal drugs, dyes, paper material (Bhabar- 
grass — Ischcemuvi angustijolium — Daphne papyracea, bamboo, 
etc.), textile fibres, lac, wild-ailk, honey and wax, besides those 
already mentioned in former chapters of the present book, are 
far too numerous to be described here. Eeference on the 
subject is invited to Watts’ Dictionary of Indian Economic 
products, and Troup’s Forest Utilization.— Tr.] 

E. Laiis, in “ Handel sblatt fur Walderzeugnia^e,’’ 1894, No. 23. 
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PART lY. 

UTILIZATION OF COMPONENTS OF THE FOREST SOIL. 

UTILIZATION OF STONE, GRAVEL, ETC. 

• In mountain-forests, the utilization of stone is frequently an 
important item of forest revenue ; quarrying the better kinds 
of stone increases in importance with the expansion of towns, 
the more substantial nature of the buildings erected, and the 
constantly extending means of communication. Independently 
of the fact that an absolutely necessary want is thus met, the 
forest-owner’s own pecuniary interest will prevent him from 
opposing a well-regulated system of quarrying, for the best 
production of wood will never pay so well as leasing quarries. 

1. Diffennt kinds of Stone. 

The following kinds of stone are utilized Hewn-stone, 
which is cut into regular shapes, and for which the fine, com- 
pact sandstones of the Cambrian, Silurian, New Red Sandstone 
and Tertiary formations, also trachyte among eruptive rocks, 
etc,, are most in demand. [In Britain, also Bath oolite, 
Aberdeen granite, etc.— Tr.] 

Broken stone used in rubble-masonry, for foundations, etc,, 
for which almost any kind of stone is suitable; — or paving 
stones, for which the hardest material, basalt, phonolitb, 
diorite, fine-grained syenite, etc., are most suitable. Slate for 
roofing from the Cambrian, Silurian and Jurassic (Stonefield 
slate) formations, and lignite near Liegnitz and Frankfort, are 
also valuable. Large quantities of the harder rocks, as well 
as boulders and gravel, are used for macadamised and paved 
roads. Calcareous rocks are also of great importance, serving 
fiB building-stone or for lime-burning, for which purpose they 
are the more valuable the less clay they contain ; when mixed 
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with clay they are used for cement. Quarries of gypsum, felspar 
and kaolin are rare. 

2. Mode of Utilization, 

Stone is obtained either by quarrying the mountain>side, in 
deep quarries, or by collecting boulders or flint-nodules from 
the surface of the ground. From a silvicultural point of view, 
permanent quarries are greatly preferable to the employment 
of boulders, as the area taken from the production of wood is 
then of limited extent and more easily controlled : the growth 
of wood being permanently excluded from the area, no question 
of indirect injury to the forest can arise. Direct injury to the 
forest may, however, occur in quarrying— in the experimental 
search for suitable localities for a quarry ; the loss of wood 
production on areas which are often extensive ; the damage to 
roads, and occasionally the increase in forest offences owing 
to the presence of the quarry-men in the forest. 

The quality of stone from the same geological formation 
may vary considerably in different parts of the same moun- 
tain-side; hence several experimental quarries are frequently 
commenced and eventually abandoned. This causes loss of a 
considerable area for wood-production, as when the soil is 
covered with fresh un weathered rock it is often impossible 
to restock it with trees. Even when a workable quarry has 
been started, often fairly large areas are required for deposit 
of the refuse stone, and on steep slopes the latter often 
accumulates in long strips down the valleys, as in the 
Siebengebirge. 

This nuisance may, however, be improved by good regula- 
tions and confined within reasonable limits. It is therefore 
indispensable that not only the quarry itself, but the area on 
which refuse may be thrown should be demarcated carefully. 
Forest offences by quarry-men, who are sometimes imper- 
fectly acquainted with the limits of mine and thine, cannot 
be avoided altogether. Considerable damage also is done to 
the forest roads, no traffic being more ruinous to them than 
that of stones from quarries. The latter are not usually im- 
portant enough to warrant the construction of roads specially 
fnr t.hfim alonft ! hence the nearest forest marl ift iified. 
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and if the expense of its maintenance falls exclusively on the 
forest-owner, this may cost him more than he obtains from 
the stone-quarry. In such. eases a condition should be entered 
in the lease of the quarry for payment by the lessee for 
maintaining the road in good condition. 

Although regular quarries are usually more profitable than 
the mere collection of boulders, the latter are often harder and 
drier than freshly quarried stone from the damp mountain-side, 
and are, therefore, much used for rough building purposes, if 
the slope on which they are lying is steep enough to facilitate 
th^ir collection, and roads are available for their removal from 
the forest. 

As in this case, the stones are collected from among trees, 
damage to the standing-crop is always to be feared, and 
especially to the roots of the trees. It is the interest of 
the lessee, however, to he careful, as he would otherwise lose 
the business, so that the best precautions against damage are 
usually taken. 

[Considerable damage is done to the roots of trees in the 
forests of Normandy, by removal of superficial flint-nodules. 
It should also be noted that large stones lying in regeneration 
areas often preserve moistvire in the soil, and therefore their 
removal should be restricted to older Avoods, in which the 
cover has not been interrupted.— Tr.] 

The forest-owner rarely undertakes the quarrying or removal 
of stones at his own expense ; even if he should require the 
stones for buildings, walls, or road-metalling, it is better to 
obtain them by contract, rather than by daily labour. Hence 


it is usual to lease quarries. 

As regards the components of weathered forest soil and 
substrata, humus and vegetable-mould, for gardens an 
forest-nurseries ; sand and gravel, for roads and buildings : 
clay for harbour-works and for bricks and tiles ; kaolin for 

porcelain, are the chief items. i . ■ „j 

[In the north of India, considerable revenues are obtained 
by leasing the limestone-boulders in the beds of watercourses 
which are dry for 8 months in the year; * 

further advantage of causing a large demand 
Which it is often difficult otherwise to find a market .J 


F.U. 
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Abnormal structure of wood, 124 
Absorption of water by wood, 66 
Advertising sales of wood, 479 
Alburnum, 44 
Alderwood, 29 
Anatomy of wood, 7 
Anobium sp., 103 
Antiseptic treatment of wood, 509 
Artificial wood, 524 
Ashwood, 22 

Assortments of timber, 288 
Auctions of timber, 455 
Autumn- wood, 66 
Axes, 175 

13 

Balata, 733 
Balks, 558 

Bamboos, 17, 43, 555 
Bandboxes, 682 
Band-saws, 496 
Bark, anatomies of, 629 
,, other uses besides tanning, 
662 

„ for tanning, 633 
Barrels, 599 
Bast, lime, 662 
Battens, 561 
Bean-sticks, 614 
Beecb-nut oil, 693 
Beechwood, 21, 587 
Bentwood for furniture, 507 
Betul^ 83, 110 
Bilberries, collection of, 829 
Bilberry bushes for litter, 773 


Billhook, 180 

Birch-bark, 661 

Birch oil, 662 

Birchwood, 30 

Birdseye maple, IBI 

Blasting stumps and roots, 248 

Bleaching wood, 115, 503 

Boards, 560 

Boat-building, 577 

Bogs, 790 

Bole, cleanness of, 119 
Booms in timber floating, 380 
Boucherie, 512 
Boxwood, 34 
Bracken, 777 
Branches for litter, 777 
Briar-wood for pipes, 624 
Bridges, timber for, 574 
Brooms, 609-616 
Brushbacks, 609 
Brushwood, 238, 261 
Burrs, 132 

Butchers’ blocks, 593 
Butts, 237, 259 


C. 

Cabinet-making, 586 
Camphor, 728 

Canals, influence on timber-trans- 
port, 427 
Caoutchouc, 731 
Carbonisation of wood, 693 
Carriage-poles, 592 
Cart traffic, 313 
Casks, 594 
Cedrela wood, 589 
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Celluloid, 564 
Cellulose, 79, 551, 662 
Cembran pine-wood, 39 
Charcoal, 116, 527 
Chemical properj;les of wood, 79, 
154 

Cherry wood, 28 
Chestnut wood, 25 
Children’s toys, 610 
Christmas trees, 619 
Chutes, timber, 278 
Cigarboxes, 589 
Circular saws, 495 
Cleanness of bole, 119 
Clearing felling-area, 262 
Clcaving-axe, 197 
Cloven timber, 561 
Coherence of wood, 65 
Colour of wood, 43 
Compass timber, 581 
Conductivity of wood, 78 
Cones, collection of, 672 
Coniferous seeds, 673 
Contract, sale by private, 461 
Contractors, timber work by, 170, 
442 

Conversion of wood, 229, 482 
Coopers' wood, 594 
Cordwood, 285 
Cork, 663 
Cranberries, 829 
Crate-wood, 615 
Creosoting wood, 515 
Cryptomcria wood, 41 
Cup-shake, 139 
Curls, 132 

Curved timber, 151, 581 
Cylindrical shape of bole, 120 
Cypress wood, 40, 42 

D. 

Damage to wood by fungi, 145 
„ „ ,, insects, 108 

Dammar, 781 

Dams for timber floating, 868 


Dead wood, 617 
Deals, 560 

Defects in wood, 148 
Depots for timber, 429 
Dimensions of trees, 117 
Discolouration of wood, 145 
Disposal of wood, 440 
Distillation of wood, 525 
Douglas fir wood, 37 
Drums, ■wood for, 603 
Dry fallen, wood, 617 
Dry rot, 105 

Durability of timber, 97, 507,5^4 
Dyes, 729 ^ 

Dynamite tor splitting stumps aiid 
roots, 250 

E. 

Ebony, 35 

Elasticity of wood, 88 
Elmw’ood, 24, 593 
Even -grained wood, 83 

F. 

Faggots, 251 
Fascines, 515 
Felling rules, 223 
„ trees, 205, 211 
Ferns, 337 

Field-crops in forests, 749 
Fineness of grain, 88 
Firewood, 238, 261, 285, 617 
Fissibility of wood, 86 
Flexibility of wood, 95 
Floating wood, 353 
Flutes, wood for, 610 
Forest devil, 201, 218 
„ litter, 758 
,, roads, 301 
„ tramways, 334 
Forked trees, 152 
Frost-crack, 140 
Fruit, edible forest, 329 
„ of forest trees, 666 
Fungi, destructive, 105, 183 
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G. 

dalls, oak, 635 
Glaziers’ wood, 607 
Grass-cutting in forests, 746 
Grass -seeds, 824 
Gravel, 831 
Grazing, forest, 737 
Grubbing up stumps, 217 
Guaiacum wood, 34, 87 
Gums, 730 

Gunpowder for blasting stumps 
and roots, 24H 
Gimstocks, wood for, 610 
Gutta-percha, 733 

H. 

Handles of tools, 588 
Hardness of wood, 48, 111 
Haskenising wood, 509 
Hawkeye machine, 232 
Hazelwood, 199 
Heartshake, 138 
Heart w'ood, 44 
Heather, 772 

Heating-power of wood, 107 
Hemlock spruce, 41 
Herbage in forests, 787 
Hickory wood, 593 
Hook-lever, 267 
Hoops for barrels, 600 
Hop-poles, 614 
Hornbeam wood, 29 
Horse-chestnut wood, 31 
Humus, 759 
Hurdle w’ood, 615 
Hygroscopicity of wood, 67 

L 

Iinplelneiits, felling, 174 
Injection of wood, 116, 512 
Insects, destructive to wood, 103 
Instru|hents, action of, on wood, 

111 

ternal bark, 137 


J. 

Jacaronda wood, 35 
Jarrah wood, 579 
Jhuming, 749 
Joiners’ wood, 585 
Juniper wood, 42 

K. 

Knee-pieces, 582 
Knoppcrn- galls, 635 
Knottiness, 133 
Krempe, 268 
Kyanising wood, 519 

r. 

Lac, 731 

Ladders, wood for, 593 
Lamp-black, 550 
Land-transport, 300 
Larch bark, 661 
Larch wood, 37 
Laths, 560 
Lead-pencils, 606 
Leaf -fodder, 694 
Length of stem, 117 
Lignin, 79 
Lime -bast, 663 
Litter, forest, 758 
Logs, 236, 257, 556 
Lopping branches, 694 
Lucifer matches, 605 

boxes for, 602 

H. 

Tilachines for converting wood, 499 
„ for uprooting stumps, 199 
Machine saws, 483 
Mahogany. 32 
Manual labour, 156 
Maple wood, sugar, 27 
Markets for timber, 447 
Mast, oak and beech, 698 
Masts for ships, 579 
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Matches, lucifer, 603 
Measures, wood for, 603 
Mei'ulius lacrimans, 105 
Mining timber, 673 
Minor forest produce, 629 
Mistleto, damage by, 133 
Model-making, 588 
Mosses, 769, 828 
Moss-litter, 769 
Myrobalans, 635 

N. 

X on- inflammable wood, 524 
Numbering hammers, 291 

O . 

Oak-bark, 636 
Oakwood, 20 
Oars, wood for, 601 
Oil of turpentine, 699, 723 
Oils, 734 
Olive wood, 34 
OptimiiTu climate, 56 
Oxalic acid, 555 

P. 

Packing-cases, wood for, 589 
Padauk, 36 
Palm wood, 16 
Paper-pulp, 160, 501, 551 
Park-palings, 615 
Parquetry, 585 
Pasture, 737 

l avements, wood for street, 568 
Pea- sticks, 614 
Peat, digging, 790 
„ litter, 821 

Pianofortes, wood for, 590 
Pigs in forests, 693 
Pitch pine, 106, 625 
Pit-props, 574 
Planing machines, 500 
Planks, 498 

Piiability wood, 95, 507 


Poles, 237, 260 
Pony saws, 494 
Poplar wood, 31 
Potash, 550 

Private contract, sale by, 461, 467 

Q. 

Quarrying stone, etc., 831 
Quebracho wood, 624, 634 
Quinine, 734 

R. 

Rafting timber, 407 , 

Railway- carriages, wood used for, 
594 

„ sleepers, 570 
Red deal, 579 
Redwood, 41 
Resin-galls, 125 
„ ■ in wood, 704 
,, tappin, 706 
Resinosis, 155 

Resistance to strains, 88, 563 
Rhytidome, 631 
Roads, 301 

Robinia wood, 26, 595 
Rolling wood from felling- area, 27( 
Rose wood, 35 
Rosin, 704 

Royalty on wood, 451, 462 

S. 

Sabots, 609 
Hale- lots, 291 
Sales of wood, 447 
Salicin, 784 
Sand, pits for, 831 
Sapwood, 44 
Saws, 181 

„ resistance of wood to, 113 
Saw-dust, 616 
„ mills, 488 
,, sets, 192 
Sawn timber, 559 
Scantlings, 110 
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ot wood, 47 
'fiteots pine wood, 37 
Sealed tenders for wood,. 461 
Season for felling, 204 
Seasoning wood, 506 
Seeds of conifers, 667, 673 
„ ,, other forest trees, 666 

Seed-kilns, 623 
Sequoia wood, 41 
Shingles for roofs, 601 
Ship-building, 577 
Shoemakers’ pegs, 606 
Shrif^ge of wood, 72 
Silver fir-wood, 40 
,, grain, 559 
SlacK barrels, 599 
Sledge-roads, 306 
Sledges, 270 
Slides, timber, 316 
Sliding logs, 275 
Sorting wood, 254, 284 
Sounding boards, 590 
Spars, 584 
Specific weight, 50 
Spokes for wheels, 592 
Spruce wood, 37 
Stacking wood, 254, 285, 437 
i Stakes, 614 
Staves for casks, 594 
i Steaming wood, 96 
r Stone quarries, 831 
storing seed, 687 
Straightness of stem, 121 
Street pavement, 568 
I Strength of timber, 88, 563 
Stumps, 217 
Sugar in trees, 82, 728 
Sumach, 624 
Summer wood, 15 
Superstructures, 561 
Swelling of wood, 72 

1 T. 

^ ji^nuing bark, 638 

extracts, 685 


Tar, 546 

Taxodinm wood, 41 
Teak wood, 578 
Telegraph-posts, 260 
Teredo, 105 
Termites, 104 
Thuya wood, 42 
Timber- assortments, 257 
„ chutes, 278 
„ slides, 316 

,, trade, 447 

Tools, wood for handles of, 588 
Toys, children’s, 610 
Tramways, forest, 334 
„ wire, 346 
Transport, 300 

Transverse strength of wood, 93 

Tree-props, 615 

Trenails, 606 

Truffles, 828 

Tulip wood, 36, 587 

Turnery, 611 

Turpentine, oil of, 699, 723 
Twisted fibre, 128 

U. 

Uprooting trees, 219 
Uses of woods, 620 

V. 

Valonea, 624 
Vanillm, 728 
Veneer, 499, 587 
Venetian blinds, 590, 605 
Vine-stakes, 615 
Violet wood, 36 
Violins, 607 
Vulcanising wood, 509 

W. 

Wages, 164 
Warping of timber, 72 
Water-pipes, 567 

transport, 353 
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Wavy wood, 129 
Wedges, 194 
Weight of wood, 50 
Weirs, 872 

Weymotith pine wood, 39 
Wheels, 5^1 

Wheelwrights’ work, 591 
White ants, 103 
Willow wood, 31 
Winter felling, 209 
Wije*tramways, 846 
Withes, 618, 616 
Wohmann’s machine, 202 
Wood-assortments, 254 


Wood-carbonisation, -527 
■ „ carving, 608, 610 
„ depots, 4^ 

„ engraving, 611 
„ gas, 826 
,, paving, 508 
„ plaiting, 618 
„ pulp, 501 
' ,, tapestry, 602 
„ transport, 300 
,, „ by water, 858 

„ wool, 500, 604 

Woodcutters’ implements, 

W 

Wooden shoes, 609 
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